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Preface 


A  geoacoustic  study  of  the  Delaware  River  Main  Channel  from 
Philadelphia,  PA,  to  the  east  end  of  Delaware  Bay  near  Cape  Henlopen, 
Delaware,  and  Cape  May,  New  Jersey,  was  conducted  by  personnel  of  the 
Hydraulics  (HL)  and  Geotechnical  (GL)  Laboratories,  U.S.  Army  Engineer 
Waterways  Experiment  Station  (WES).  The  field  work  was  performed  during 
August  1993.  The  investigation  was  performed  under  sponsorship  of  the  U.S. 
Army  Engineer  District,  Philadelphia  (CENAP).  The  CENAP  Project 
Engineer  was  Mr.  Tony  DePasquale. 

The  overall  test  program  was  conducted  under  the  general  supervision  of 
Messrs.  Frank  A.  Herrmaim,  Jr,  Director,  HL;  Richard  A.  Sager,  Assistant 
Director,  HL;  and  Glenn  A.  Pickering,  Chief,  Hydraulic  Structures  Division 
(HSD),  HL.  Mr.  Richard  G.  McGee,  Hydraulic  Analysis  Branch,  HSD,  was 
the  Principal  Investigator.  This  project  is  a  cooperative  effort  with  GL  under 
the  supervision  of  Drs.  William  F.  Marcuson  III,  Director,  GL;  and  Arley  G. 
Franklin,  Chief,  Earthquake  Engineering  and  Geosciences  Division  (EEGD), 
GL.  This  report  was  prepared  by  Mr.  McGee  under  the  supervision  of 
Dr.  Bobby  J.  Brown,  Chief,  Hydraulic  Analysis  Branch.  Instrumentation  sup¬ 
port  was  provided  by  Mr.  Tom  S.  Harmon,  Jr.,  EEGD.  Data  collection  and 
analysis  assistance  during  this  study  were  provided  by  Mr.  Rodney  L.  Leist, 
EEGD,  and,  Ms.  Janie  M.  Vaughan  and  Mr.  Brian  Williams,  HSD.  Techni¬ 
cal  assistance  was  also  provided  by  Mr.  David  Caulfield,  Caulfield 
Engineering,  Oyama,  BC,  Canada. 

At  the  time  of  publication  of  this  report.  Director  of  WES  was  Dr.  Robert 
W.  Whalin.  Commander  was  COL  Bruce  K.  Howard,  EN. 


The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication, 
or  promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
official  endorsement  or  approval  of  the  use  of  such  commercial  products. 


Conversion  Factors, 
Non-SI  to  SI  Units  of 
Measurement 


Non-SI  units  of  measurement  used  in  this  report  can  be  converted  to  SI  units 
as  follows: 


Multipy 

By 

To  Obtain 

feet 

0.3048 

meters 

miles  (U.S.  statute) 

1 .609344 

kilometers 

miles  (nautical) 

1.853 

kilometers 

1 


Introduction 


Background 

The  U.S.  Army  Engineer  District,  Philadelphia,  is  currently  preparing  a 
Design  Memorandum  for  the  Delaware  River  Main  Channel  Preconstruction 
and  Engineering  Design  Study.  The  study  is  focused  on  deepening  of  the 
Delaware  River  Main  Channel  from  40  to  45  ft.'  The  study  area  (Figure  1) 
encompasses  the  main  shipping  channel  from  approximately  station  13+769  at 
the  Ben  Franklin  Bridge  in  Philadelphia,  PA,  to  the  east  end  of  Delaware  Bay 
at  station  511+696.  A  comprehensive  subsurface  exploration  program  has 
been  initiated  by  the  Philadelphia  District  to  thoroughly  characterize  the  bot¬ 
tom  sediments  to  be  dredged.  Twenty-nine  vibracores  were  collected  within 
this  90-mile  section  of  the  main  shipping  channel  in  July  1991.  To  better 
characterize  the  vertical  and  lateral  extent  of  all  sediment  units  within  areas  to 
be  dredged,  an  acoustic  subbottom  profile  was  requested  to  complement  the 
existing  core  data. 

The  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES)  has 
developed  a  high-resolution  seismic  reflection  technique  to  quantitatively 
assess  the  characteristics  of  bottom  and  subbottom  marine  sediments  (McGee, 
Ballard,  and  Caulfield  1995).  The  technique  describes  marine  sediments  in 
terms  of  engineering  properties,  i.e.,  density,  mean  grain  size,  soil  clas¬ 
sification,  and  provides  a  contiguous  picture  of  the  horizontal  and  vertical 
extents  of  those  properties.  The  Philadelphia  District  requested  application  of 
this  technique  in  support  of  the  Delaware  River  Main  Channel  design  study. 


Overview  of  Site  Geology 

The  Delaware  River  Main  Channel  follows  the  Delaware  River  Channel 
from  near  Trenton,  NJ,  through  Delaware  Bay  to  its  entrance  to  the  Atlantic 
Ocean  between  Cape  May,  New  Jersey,  and  Cape  Henlopen,  Delaware. 


'  A  table  of  factors  for  converting  non-SI  units  of  measurement  to  SI  units  is  found  on 
page  vi. 
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Figure  1 .  Delaware  River  Main  Channel  and  vicinity 
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Chapter  1  Introduction 


Navigation  improvements  to  provide  widening  and  deepening  of  the  channel 
began  following  the  River  and  Harbors  Act  of  1885.  The  present  40-ft  chan¬ 
nel  was  authorized  in  1938  as  far  north  as  the  Philadelphia  Navy  Yard 
(approximately  station  50+000),  with  a  37-ft  channel  up  to  station  13+769  at 
the  Ben  Franklin  Bridge.  The  40-ft  channel  was  extended  to  within  6  miles  of 
Trenton  beginning  in  1959. 

As  reported  by  Weil  (1977),  the  Delaware  Estuary  between  Trenton  and 
New  Castle,  DE,  parallels  the  Fall  Line  with  early  Paleozoic  metamorphic 
rocks  of  the  Piedmont  on  the  west  and  unconsolidated  Coastal  Plain  sediments 
on  the  east  as  illustrated  in  Figure  2.  Both  materials  are  found  in  this  portion 
of  the  navigation  chaimel.  South  of  New  Castle,  the  lower  tidal  river  and 
Delaware  Bay  are  underlain  by  the  sediments  of  the  Atlantic  Coastal  Plain. 

The  bulk  of  sediment  deposition  in  the  estuary  occurs  in  the  dredged 
navigation  channel  and  anchorage  areas  between  the  head  of  Delaware  Bay 
and  Philadelphia.  Organic-rich  silty  clays  and  clayey  silts  characterize  exist¬ 
ing  sediments  deposited  in  this  zone  of  rapid  deposition. 

The  bay  portion  of  the  navigation  channel  is  fairly  straight  and  is  bounded 
by  numerous  linear  sand  shoals.  Sediments  within  the  chaimel  are  predomi¬ 
nantly  fine  to  coarse  sands.  The  channel  depths  are  basically  natural, 
requiring  no  dredging  to  maintain  the  authorized  channel  depth  of  40  ft. 

South  of  Brown  Shoal  the  river  channel  is  no  longer  confined  by  sand  shoals 
and  becomes  bathymetrically  indistinct  from  the  natural  bay  bottom. 


Objective 

The  objective  of  this  study  was  to  quantify  the  bottom  and  subbottom  sedi¬ 
ments  in  terms  of  in  situ  density  and  soil  type  to  a  depth  of  about  20  ft,  where 
possible,  below  the  bottom  of  the  existing  ship  channel  (Figure  1).  Only  a 
single  profile  line  was  requested  to  be  surveyed  down  the  center  line  of  the 
channel.  Where  applicable,  data  from  the  29  vibracores  already  collected 
were  correlated  with  the  continuous  acoustic  reflection  data  to  develop  a  geo¬ 
acoustic  model  of  the  study  area,  providing  a  thorough  characterization  of  the  . 
bottom  and  subbottom  sediments,  with  emphasis  on  the  top  5  ft  of  sediment. 
The  results  will  also  facilitate  the  accurate  positioning  and  optimal  placement 
of  additional  borings  as  may  be  required  should  anomalous  or  unexpected 
sediment  units  be  encountered.  Since  the  cores  were  retrieved  prior  to  con¬ 
ducting  the  acoustic  reflection  survey,  and  since  many  of  the  cores  are  located 
a  considerable  distance  off  the  center  line,  correlation  of  all  existing  core  data 
with  the  acoustic  data  proved  difficult. 
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Figure  2.  Pre-Pleistocene  geology  of  Delaware,  New  Jersey,  and 
Pennsylvania  (Weil  1977) 


4 


Chapter  1  Introduction 


2  Geophysical  Approach 


The  technique  used  to  quantitatively  assess  the  characteristics  of  the 
sediments  along  the  Delaware  Ship  Channel  is  a  modified  seismic  reflection 
technique  that  relates  the  engineering  properties  of  sediments  to  acoustic 
impedance  by  precisely  determining  the  reflection  coefficient  at  each  sediment 
horizon.  This  Acoustic  Impedance  (AI)  method  is  discussed  in  detail  by 
McGee,  Ballard,  and  Caulfield  (1995)  and  in  publications  listed  in  the 
Bibliography.  However,  it  is  necessary  to  briefly  describe  the  method  as  it 
applies  to  the  Delaware  Ship  Channel  project.  Acoustic  theory  is  discussed 
only  in  sufficient  detail  to  enable  the  reader  to  understand  basic  concepts. 
Specific  processing  and  analysis  details  will  be  discussed  in  Chapter  5. 

The  AI  method  is  an  extension  of  the  techniques  developed  by  Caulfield 
and  Yim  (1983)  and  Caulfield,  Caulfield,  and  Yim  (1985)  for  the 
identification  of  subbottom  marine  sediments.  Modelled  after  Hamilton’s 
approach  to  geoacoustic  modelling  of  the  seafloor  (Hamilton  1980),  this 
empirical  technique  compensates  for  absorption  in  each  layer  as  a  function  of 
the  center  frequency  of  a  band-limited  seismic  trace,  corrects  for  spherical 
spreading,  and  uses  classical  multilayer  reflective  mathematics  to  compute 
reflection  coefficients  at  the  sediment  horizons.  The  reflection  coefficients  are 
converted  to  impedances  and  classified  according  to  established  relationships 
between  the  acoustic  impedance  and  the  geotechnical  properties  of  marine 
sediments,  thereby  classifying  the  lithostratigraphy.  Figure  3  illustrates  the 
general  processing  steps  required  by  the  method  in  practice. 

As  energy  generated  from  an  acoustic  source,  in  the  form  of  a  plane  wave, 
arrives  at  a  boundary  between  two  layers  of  differing  material  properties,  part 
of  the  energy  will  be  reflected  back  toward  the  surface  and  part  will  be  trans¬ 
mitted  as  presented  in  Figure  4.  A  portion  of  the  transmitted  energy  will 
undergo  absorption  or  attenuation  in  the  layer  while  the  remainder  propagates 
through  to  the  next  stratigraphic  boundary.  According  to  Snell’s  law  for  the 
case  of  normal-incidence  compressional  (P-wave)  propagation  across  the 
boundary  of  a  horizontally  oriented  system  and  for  continuity  of  displacement 
and  stress,  the  relationship  between  the  incident  (A),  reflected  (AJ,  and 
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Figure  3.  Acoustic  Impedance  processing  flowchart 


transmitted  (Aj)  waves  can  be  expressed  as 


EJv. 

A.  -  A  =  -^A 
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where  Ej  and  E2  are  the  elastic  moduli  of  media  1  and  2,  respectively.  For  a 
perfectly  elastic  medium,  E  =  p\^,  where  p  is  the  mass  density  and  v  the 
elastic  P-wave  velocity.  The  quantity  pv  is  called  the  acoustic  impedance,  Z, 
of  the  medium  and  thus  represents  the  influence  of  the  medium’s  characteris¬ 
tics  on  the  reflected  and  transmitted  waves.  The  reflection  coefficient,  R,  is 
defined  as  the  percentage  of  the  wave’s  reflected  energy.  The  acoustic 
impedance  and  the  reflection  coefficient  are  related  through  the  Zoeppritz 
equation  (Zoeppritz  1919)  as 


Z,  =Z, 


(1  +  R) 
(1  -  R) 


(2) 


where  Z,  and  Z^  are  the  acoustic  impedances  of  the  first  and  second  mediums, 
respectively.  This  relationship  provides  a  straightforward  method  for  deter¬ 
mining  acoustic  impedance.  By  knowing  the  first  Z  and  the  succeeding  R's, 
one  can  then  calculate  all  the  acoustic  impedances.  In  this  case,  the  first  layer 
is  always  seawater,  which  has  a  known  typical  impedance  value  of  1,550  10^ 
g/cm^  sec.  By  calculating  the  remaining  R’s,  the  problem  is  solved. 

The  relationship  between  acoustic  impedance  and  specific  soil  properties 
has  been  empirically  derived  from  world  averages  of  measured  impedance 
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versus  sediment  characteristics  (Hamilton,  1970a,  b;  1972a,  b;  1980; 

Hamilton  and  Bachman  1982).  Further  development  of  statistical  models  and 
algorithms  (Caulfield  and  Yim  1983)  establishes  relationships  between  acoustic 
impedance  and  soil  properties  (porosity,  bulk  density,  mean  grain  size,  etc.) 
for  sediments  within  various  natural  marine  environments  and  allows  the 
identification  and  characterization  of  the  subbottom  layers  from  acoustically 
derived  seismic  reflection  data. 

Processing  of  the  seismic  data  involves  determining  the  precise  reflection 
coefficient  at  each  detectable  reflection  horizon.  This  requires  that  the  major 
losses  associated  with  acoustic  wave  propagation  in  a  layered  sediment 
environment  be  properly  accounted.  These  losses  include  (a),  transmission  loss 
due  to  spherical  spreading,  (b)  transmission  through  reflectors,  and 
(c)  intrinsic  absorption  within  a  particular  sediment  unit.  Each  of  these  losses 
is  assessed  using  processing  and  analysis  tools  developed  specifically  for  the 
AI  method.  These  tools  include  the  Acoustic  Core  System  (Caulfield  1992), 
the  Digital  Spectral  Analysis  System  (Caulfield  1991b),  the  Digital  Shallow  ’ 
Seismic  Processing  and  Correlation  System  (Caulfield  1991a),  and  in-house 
WES  programs  for  equipment  calibrations  and  bottom  surface  analysis  using 
the  sonar  equations.  These  programs  will  be  discussed  in  more  detail  as  they 
were  used  in  the  Delaware  Ship  Channel  study. 

Seismic  reflection  signatures  are  not  universally  unique;  i.e.,  several  com¬ 
binations  of  geologic  conditions  could  conceivably  yield  similar  signal  charac¬ 
teristics  resulting  in  similar  impedance  values.  But  in  a  given  geologic 
setting,  such  as  the  Delaware  Bay,  a  particular  sediment  usually  has  a 
characteristic,  relatively  narrow  range  of  impedance  values.  Therefore, 
project-specific  calibrations  are  used  to  relate  specific  acoustic  signatures  to 
respective  reflectors.  Using  calibration  procedures  incorporating  local  core 
data,  the  acoustic  reflection  data  are  processed  to  yield  accurate  acoustic 
impedance  values  at  sediment  horizons  for  the  geologic  region  of  interest. 

The  geoacoustic  calibrations  for  the  Delaware  Ship  Channel  project  are  dis¬ 
cussed  in  Chapter  5. 
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3  Survey  and  Equipment 


Survey 


The  Delaware  Main  Channel  survey  consisted  of  a  single  profile  line  along 
the  center  line  of  the  channel  beginning  at  approximately  station  530+00  near 
the  mouth  of  Delaware  Bay,  as  shown  in  Plate  1,  proceeding  along  a  north¬ 
westerly  course  through  the  bay  and  up  the  Delaware  River  to  Philadelphia. 
The  survey  ended  at  the  Ben  Franklin  Bridge  at  approximately  station 
13+760.  Due  to  the  near  90  miles  of  survey,  the  profiles  are  divided  into 
tangential  segments  to  enhance  the  data  presentation.  Specific  line  numbers, 
beginning  and  ending  station  numbers,  and  range  identifiers  are  presented  in 
Table  1  and  displayed  in  Plate  1.  The  sediment  profiles  are  presented  accord¬ 
ing  to  these  line  designations.  All  geographic  coordinates  are  presented  in 
Delaware  State  Plane,  North  American  Datum  of  1983. 


Equipment 

Survey  vessel 

The  survey  was  conducted  aboard  the  WES  Research  Vessel  (RA^)  Water¬ 
ways  Explorer,  shown  in  Figure  5.  The  following  sections  describe  each 
piece  of  equipment. 


Navigation  and  bathymetry 

Navigation  and  horizontal  positioning  data  were  obtained  using  a  differ¬ 
ential  global  positioning  system  (DGPS),  specifically  a  Trimble  4000  SE 
Mobile  GPS  receiver.  The  differential  corrections  were  obtained  from  the 
U.S.  Coast  Guard  differential  beacon  transmitting  from  the  Cape  Henlopen 
Lighthouse  at  Lewes,  DE.  The  navigation  system  is  rated  at  providing 
horizontal  accuracy  of  ±  1  to  3  m  root  mean  square  (RMS)  (68  percent  of  the 
time). 

Bathymetry  was  provided  by  a  single  200-kHz  high-frequency  transducer. 
The  fathometer  was  attached  to  the  port-side  transducer  deployment  arm  as 
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Table  1 

Acoustic  Reflection  Survey  Line  Summary 

Survey  Line 

Designation 

Station  Along  Center  Line 

Begin 

End 

Range  Identification 

DP50 

511  +695.80 

448  +  120.28 

Brandywine 

DP51 

447  +  559.80 

404  +  934.21 

Miah  Maull 

DP52 

401+173.01 

384  +  219.02 

Cross  Ledge 

SC04A 

384  +  059.27 

343  +  289.27 

Liston 

SC04B 

343  +  289.27 

302  +  041.81 

Liston 

SC04C 

302  +  041.81 

274.789.71 

Liston 

SC05 

274  +  556.00 

232  +  219.53 

Baker,  Reedy  Island 

SC06A 

233  +  319.51 

212.474.76 

New  Castle,  Bulkhead  Bar 

SC06B 

212.474.76 

185  +  919.56 

Deepwater  Point 

SC06C 

185  +  919.56 

143  +  022.66 

Cherry  island,  Bellevue 

SC06D 

143  +  022.66 

97  +  410.64 

Marcus  Hook,  Chester, 

Eddystone 

SC06E 

97  +  432.04 

54  +  864.10 

Tinicum,  Billingsport, 

Mifflin 

SC06F 

54  +  864.10 

41  +448.32 

Horseshoe,  Fisher  Point 

SC06G 

41  +448.32 

30+101.07 

Fisher  Point 

SC06H 

30  +  101.07 

14  +  685.04 

Fisher  Point 

shown  by  the  schematic  in  Figure  6.  The  fathometer  was  calibrated  at  the 
start  of  each  day  by  the  standard  bar  check  method.  Water  column  sound 
velocity  profiles  were  obtained  each  day  and  used  in  the  fathometer  calibra¬ 
tion.  Tide  data  were  obtained  by  the  Philadelphia  District  from  tide  gages  at 
Lewes,  DE,  for  the  Delaware  Bay  reach  of  the  survey  (lines  DP50,  DP51, 
DP52,  and  SC04),  and  at  Philadelphia  for  the  Delaware  River  reach  (lines 
SC05  and  SC06).  All  depth  data  were  post-processed  with  the  tide  data  to 
arrive  at  depth  elevations  referenced  to  mean  lower  low  water  (mllw). 

The  high-frequency  fathometer  was  inoperable  during  the  surveys  of  lines 
SC04,  SC05,  and  SC06.  Rigorous  calibrations  were  made  during  the  other 
surveys  to  correlate  the  higher  resolution  fathometer  depth  measurements  with 
the  low-frequency  subbottom  profiler  depth  measurements.  The  resulting 
adjustments  were  applied  to  the  profiler  data  to  obtain  bottom  depth  data. 

The  navigation,  bathymetric,  and  geophysical  equipment  were  interfaced 
with  the  SEATRAC  Navigation  and  Positioning  System  to  record  and  provide 
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Figure  5.  WES  Research  Vessel  Waterways  Explorer 


SIGNAL 

CABLES 


MOUNTING 

BRACKET 


200  kHz 
FATHOMETER 


BOAT  DIRECTION 


2  -  MASSA  TR75-D 
TRANSDUCERS 


Figure  6.  Port-side  transducer  deployment  arm  with  subbottom  profiling  receiving  array  and 
200-kHz  fathometer 


real-time  navigation  information.  This  interfacing  included  outputting  the 
position  coordinates  and  high-frequency  bathymetric  data  directly  to  the  digital 
seismic  data  acquisition  system  providing  real-time  position  logging  with  the 
subbottom  profile  data. 
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Geophysical  equipment 


The  acoustic  subbottom  reflection  records  were  generated  using  a  3.5-kHz 
high-resolution  "pinger"  system  and  a  low-frequency  600-Hz  "bubble  pulse" 
system.  The  specific  systems  used  were  as  follows: 

3.5-  to  7.0-kHz  pinger  system.  A  Datasonics  SBP-5000  subbottom  pro¬ 
filing  system  was  used  during  the  entirety  of  the  survey.  The  transmitters 
were  mounted  in  a  towfish  rigidly  attached  to  a  telescoping  arm  and  deployed 
through  the  front  deck  of  the  boat  as  shown  in  Figure  7.  This  system  allows 
the  transmission  of  variable-length  acoustic  pulses  (0.2  -  3  msec)  of  3.5-, 

5.0-,  7.0-,  and  12.0-kHz  frequencies.  Power  levels  can  be  varied  from  1  to 
12  kW.  For  the  Delaware  Ship  Channel  survey,  the  operating  parameters  that 
provided  the  optimum  signal-to-noise  (S/N)  ratio,  resolution,  and  depth  of 
penetration  are  shown  in  the  following  tabulation: 


Power  setting,  kW 

5 

Frequency,  kHz 

3.5 

Pulse  length,  msec 

0.2-0.5 

Ping  rate,  sec 

0.25 

Figure  7.  SBP-5000  subbottom  profiling  towfish.  Transducers  used  as  seismic  source  only 
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These  systems  were  originally  designed  to  operate  in  water  depths  greater 
than  about  50  ft,  resulting  in  configurations  employing  integrated  transmit/ 
receive  (T/R)  networks  to  use  the  same  transducers  as  transmitters  as  well  as 
receivers.  The  resulting  transducer  ringing  and  coupling  create  coherent  noise 
keyed  to  the  transmitter  timing.  In  shallow  water,  less  than  30  ft,  significant 
S/N  problems  arise  due  to  the  coherent  noise  from  the  transmitter  interfering 
with  the  first  return. 

To  solve  this  problem,  a  receiving  array  was  deployed  independently  of  the 
transmitter  as  shown  in  Figure  6.  By  decoupling  the  receiving  array  from  the 
transmitter  and  physically  separating  the  transducer,  all  of  the  near-field 
transmitter  ringing  was  eliminated  from  the  bottom  reflection,  regardless  of 
water  depth.  This  is  the  standard  pinger  deployment  configuration  for  the  AI 
method. 

Bubble  pulse  system.  The  bubble  pulser  generates  a  low-  to  midrange- 
frequency  wavelet,  with  a  frequency  content  between  400  and  2,000  Hz,  with 
most  of  the  energy  between  600  and  900  Hz.  Because  of  the  source’s  low- 
frequency  content,  penetration  depth  in  competent  materials,  such  as  sands,  is 
significantly  greater  than  the  3.5-kHz  system.  However,  the  increased  depth 
of  penetration  comes  at  the  cost  of  resolution. 

Side-scan  sonar.  A  dual-frequency  side-scan  sonar  (SSS)  was  operated 
throughout  the  survey  to  provide  increased  areal  bottom  coverage.  The  SSS 
was  operated  at  100  kHz  and  was  towed  off  the  starboard  side  of  the  bow. 


Chapter  3  Survey  and  Equipment 


14 


4  Data  Processing  and 
Mapping 


Acoustic  Reflection  Data  Records 


Continuous  subbottom  profiles  of  the  acoustic  reflection  amplitudes 
obtained  using  the  3.5-kHz  pinger  system  and  the  bubble  pulse  system  for 
surveys  performed  along  the  Delaware  River  Main  Channel  were  delivered  to 
the  Philadelphia  District  Project  Engineer.  The  digital  data  are  archived  at 
WES.  The  records  are  annotated  with  digital  file  numbers,  relative  depth 
scales,  and  all  core  locations.  Figure  8  is  a  typical  color  subbottom  amplitude 
record.  The  color  code  represents  relative  reflection  amplitudes  as  displayed 
by  the  legend  on  the  figure.  The  vertical  lines  along  the  top  portion  of  the 
record  are  the  beginning  of  individual  digital  data  files,  recorded  continuously 
during  the  survey.  Files  are  sorted  into  six  subfiles  (0-5)  with  each  subfile 
containing  bins  of  forty  consecutive  soundings.  These  file  numbers  are  used 
on  the  final  sediment  profiles  to  correlate  the  calculations  with  the  raw  data. 
Note  the  top  of  the  graph  is  not  necessarily  the  water  surface,  but  an  assigned 
water  column  offset.  This  offset  allows  full  vertical  expansion  of  the 
subbottom  display,  which  in  this  case  extends  into  the  subbottom  more  than  50 
ft.  Changes  in  stratigraphy  are  readily  apparent. 


Bathymetry 

The  acoustic  reflection  data  were  combined  with  the  position  data  and  the 
high-frequency  bathymetric  data,  providing  accurate  determination  of  both  the 
horizontal  and  vertical  datums.  Bottom  depths  for  the  subbottom  profiles 
were  adjusted  to  the  tide-corrected  fathometer  depth  measurements  where 
possible,  since  the  data  provide  nearly  a  5:1  improvement  in  resolution  over 
any  of  the  subbottom  equipment. 


Chapter  4  Data  Processing  and  Mapping 


5  Geoacoustic  Modelling 


Using  calibration  procedures  for  data  with  high  S/N  ratios,  seismic  reflec¬ 
tion  data  are  processed  to  provide  estimates  of  the  density,  mean  grain  size, 
and  soil  type  of  bottom  and  subbottom  sediments.  Calibrations  are  performed 
by  correlating  acoustic  impedance  values  calculated  from  the  seismic  reflection 
data  at  a  sample  location  with  the  measured  information  (density,  mean  grain 
size,  etc.)  at  that  location.  Experience  to  date  has  shown  that  calibrations 
made  at  a  few  locations  within  a  geologic  region  provide  the  necessary  shal¬ 
low  seismic  parameters  to  accurately  calibrate  and  describe  the  entire  region.* 
Calibration  of  the  acoustic  reflection  data  for  the  Delaware  River  Main 
Charmel  survey  is  briefly  described  in  the  following  paragraphs. 


Equipment  Calibration:  Sources  and  Receivers 

Sonar  equations 

The  geoacoustic  parameter  calibration  procedure  begins  by  determining  the 
total  acoustic  energy  incident  at  the  bottom  surface.  This  basically  involves 
determining  the  precise  reflection  coefficient  for  the  first  reflector  (bottom 
surface)  and  its  associated  acoustic  bottom  loss  for  a  given  sediment.  Since 
the  sound  velocity  of  water  and  its  density  can  be  readily  measured,  the 
absolute  impedance  of  the  water  can  be  calculated.  Knowledge  of  the  reflec¬ 
tion  coefficient,  which  is  completely  independent  of  frequency,  from  the 
water-bottom  interface  allows  direct  computation  of  the  absolute  impedance  of 
the  first  layer  of  the  bottom.  The  total  energy  produced  by  the  source,  or 
source  wavelet,  must  be  known  absolutely.  This  is  accomplished  through  use 
of  a  calibration  hydrophone  allowing  determination  of  source  level  (SL)  and 
the  transmission  losses  associated  with  underwater  acoustic  wave  propagation 
through  the  sonar  equations.  The  sonar  equations,  discussed  thoroughly  by 
Urick  (1983),  describe  the  quantitative  effects  on  sonar  equipment  created  by 
the  many  phenomena  peculiar  to  underwater  sound  production.  These 


'  R.  G.  McGee.  (1991).  "Subbottom  hydro-acoustic  survey  of  Gulfport  Ship  Channel," 
Memorandum  for  Record,  U.S.  Army  Engineer  Waterways  Experiment  Station,  Vicksburg, 
MS. 
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Figure  8.  Typical  color  subbottom  amplitude  record 


equations  are  both  design  and  prediction  tools  for  underwater  sound 
applications  and  relate  the  effects  of  the  medium,  the  target,  and  the  equip¬ 
ment.  The  general  sonar  equation  is  given  as  follows; 

BL  (3) 


where 


Sj^  =  bottom  reflection  energy  at  receiver,  db 

SL  =  total  energy  of  source,  db 

=  transmission  loss  due  to  spherical  spreading  along  the  path  of 
propagation,  db  =  20  x  logio  (range,  meters) 

=  receiver  sensitivity,  db 

=  amplifier  gain,  db 

DI  =  directivity  index  of  receiving  array,  db  (function  of 
transducer  beam  pattern) 

BL  =  bottom  loss,  db  =  20  log,o(K) 

The  effect  of  temperature  on  sound  speed  is  considered  neglible  for  the 
frequencies  of  interest  ( <  20  kHz)  and  the  relatively  short  propagation  paths 
( <  200  ft)  of  the  acoustic  wave  fronts  and  is  therefore  ignored  in  the  sonar 
equation. 

Figure  9  is  a  detailed  depiction  of  the  physical  elements  in  a  normal 
calibration  and  bottom  reflection  sonar  equation  solution  case.  The  value 
includes  all  preamplifiers  and  amplifiers  and  is  obtained  from  the  electrical 
calibration  of  the  receiving  equipment.  The  calibration  hydrophone  receiver 
sensitivity  is  available  from  manufacturers  of  the  hydrophone  and  should 
be  traced  to  the  American  National  Standards  Institute  (ANSI)  Standard 
(Acoustical  Society  of  America  1988).  The  receiving  array  sensitivity 
may  also  be  available  from  the  manufacturer  or  can  be  easily  calibrated  in  the 
field  using  the  calibration  hydrophone  and  an  alternate  form  of  the  sonar 
equation.  This  procedure  will  be  discussed  in  detail  a  little  later  in  the  report. 


Directivity  index 

The  DI  is  a  function  of  the  beam  pattern  of  the  transducer  array  and  is  an 
indication  of  the  amount  of  the  total  signal  the  hydrophone  is  permitted  by  its 
sensitivity  pattern.  The  higher  the  DI,  the  more  discriminating  the  hydro¬ 
phone  is  against  signals  arriving  from  directions  other  than  along  the  acoustic 
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Note:  Refer  to  Equation  3  for  Definition  of  Terms 


RONAR  EQUATIONS: 
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Where: 

SIGr  =  Bottom  Reflection  Signal  From  Receiver  Array. 

SIGc  =  Bottom  Reflection  Signal  From  Calibration  Hydrophone. 
SIG  D  =  Direct  Wave  Signal  From  Calibration  Hydrophone. 

=  Amplifier  Gain  From  Calibration  Hydrophone. 

N^P  =  Amplifier  Gain  From  Receiver  Array. 


Figure  9.  Elements  in  acoustic  calibration  and  bottom  reflection  sonar 
equation  solution 

axis.  Figure  10a  presents  the  directional  pattern  of  the  MASSA  Model 
TR75-A  transducer  receiving  array  used  with  the  pinger  system.  Because  the 
transmitter  and  receivers  are  horizontally  offset,  as  explained  in  Chapter  3,  the 
DI  can  possibly  become  a  significant  parameter  due  to  the  reflection  angles 
along  the  path  of  propagation.  Figure  10b  presents  the  equipment  geometry 
for  the  RA^  Waterways  Explorer  and  its  effect  on  directivity.  Figure  10c,  the 
DI  correction  versus  water  depth  for  application  in  the  sonar  equation,  shows 
that  for  water  depths  greater  than  40  ft,  the  DI  due  to  the  path  of  propagation 
is  zero  and  therefore  not  a  factor.  This  is  the  case  for  the  entire  Main  Chan¬ 
nel  survey.  However,  directivity  in  the  form  of  reflected  waves  travelling 
either  directly  at  or  away  from  the  receiving  array  will  drastically  affect  the 
reflectivity  analysis.  Such  would  be  the  case  when  sounding  in  areas  with 
irregular  bottom  topography,  i.e.,  sand  waves,  side  slopes  of  channels, 
trenches,  etc.  Acoustic  analysis  is  limited  in  these  areas. 
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Figure  10.  Computation  of  D!  versus  water  depth  and  transducer  separation 

Source  level  (SL)  calibration 

The  first  step  in  the  calibration  process  is  to  determine  the  absolute  source 
level.  This  information  is  available  from  the  manufacturers  of  some  sonars. 
Unfortunately,  many  seismic  systems  do  not  have  this  information  readily 
available;  and  even  if  they  did,  the  field  operating  conditions  vary  to  such  an 
extent  that  the  published  levels  are  not  sufficient  for  precise  reflection 
computations. 
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The  direct  wave  calibration  of  the  sonar  source  level  is  accomplished  by 
writing  the  sonar  equation  for  the  measurement  of  the  direct  wave  via  the 
calibration  hydrophone  as  follows: 

Sa=SL-  K,,  -  .  N,  (4) 


where 


=  direct  wave  signal  level,  db 

^wdir  ~  transmission  loss  between  source  and  cal  phone,  db 

All  the  terms  in  Equation  4,  except  SL,  are  either  absolutely  known  or  directly 
measured.  Therefore,  solving  for  SL  determines  the  absolute  source  level. 
Figure  11  presents  a  typical  seismic  system  calibration  data  plot.  This  single 
data  record  contains  all  the  field  data  required  to  completely  calibrate  all 
aspects  of  the  equipment  operations  and  provide  calibration  data  for  the  sur¬ 
face  sediment  impedance.  The  SL  calibration  is  performed  using  the  data 
between  file  number  0002  and  0004  where  variations  in  amplifier  gain  and 
hydrophone  range  are  occurring. 

An  example  SL  calculation  using  the  sonar  equations  is  shown  by  Fig¬ 
ures  12  and  13.  Figure  12  is  the  calibration  data  record  for  this  example  (data 
format  similar  to  Figure  11).  Figure  13  presents  the  sonar  equation  com¬ 
putations  and  statistical  evaluation  of  forty  consecutive  soundings  from  a 
digital  subfile  of  the  calibration  data.  This  analysis  has  been  accomplished  at 
many  sites  throughout  the  country  for  the  sound  source  used  during  this  sur¬ 
vey.  The  following  tabulation  summarizes  the  calibrated  source  characteristics 
for  the  pinger  system  as  operated  during  the  survey: 


Pulse 

Length,  msec 

Output 

Power,  kW 

SL,  db’ 

(Peak 

Detect) 

SL,  db 

(RMS  Energy) 

Receive 
Sensitivity  db 

0.2 

5.0 

106 

100 

-70 

0.5 

5.0 

112 

106 

-70 

'  Calibration  levels  are  in  db  relative  to  1  dyne/cm*. 

Receiving  hydrophone  sensitivity  calibration 

As  with  the  source  level,  the  array  sensitivity  of  the  receiving  hydrophones 
must  be  absolutely  known.  The  field  calibration  is  performed  by  com¬ 
paring  the  signal  levels  of  the  receiving  array  with  the  calibration  hydrophone 
over  the  same  bottom  condition.  The  calibration  hydrophone  is  placed  in  the 
immediate  vicinity  of  the  receiving  array  at  the  same  depth.  The  sonar 
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Figure  1 1 .  Typical  acoustic  calibration  record 


equation  is  designed  to  solve  for  as  follows: 

^hydr  ^  ^hydc  ^Rr  ~  ^Rc  ~  ^Ar  ^Ac  (5) 


where  and  5^^,  are  the  receive  signals  and  amplifier  gains  for 

the  receiving  array  and  calibration  hydrophone,  respectively.  The  Nu  ^  for 
the  array  used  for  the  Delaware  Main  Channel  survey  has  been  calculated  to 
be  -70  db  relative  to  1  dyne/cm^  as  shown  in  the  preceding  tabulation. 


Determination  of  Bottom  Loss  and  Surface 
Reflection  Coefficient 


The  bottom  surface  characteristics  are  evaluated  through  the  sonar  equation 


Chapter  5  Geoacoustic  Modelling 


23 


Figure  12.  Calibration  record:  bottom  loss,  source  level,  and  directivity  determination 


Select  Bottom  Reflection  Time  Window 
5 


HLE:  wpc30083 


10  15 

TIME  -  MSEC 


CALIBRATION:  SL  t  BL  FROM  CAL  DATA 
FILE:  WIK:30083 


Anpllfier  Gain 

(dB): 

4.50  dB 

Hydrophone  Sensitivity: 

-86.00  dB 

Range 

of 

Direct 

Signal: 

6.69  meters 

Range  of 

Bottom 

Reflection: 

18.43  meters 

Trace 

1 

SIGdir  SIGbot 

SLnet 

BLnet 

1 

7.79 

-7.21 

105.79 

6.14 

2 

7.65 

-7.24 

105.69 

6.03 

3 

7.67 

-7.44 

105.70 

6.28 

4 

7.63 

-7.46 

105.67 

6.26 

5 

8.32 

-7.51 

106.03 

6.71 

6 

8.11 

-7.29 

106.15 

6.61 

7 

8.25 

-7.66 

106.29 

7.11 

8 

8.43 

-7.41 

106.47 

7.04 

9 

8.47 

-7.49 

106.27 

6.90 

10 

8.31 

-7.34 

106.35 

6.82 

11 

7.85 

-7.59 

105.89 

6.69 

12 

7.46 

-7.49 

105.50 

6.19 

13 

7.77 

-7.90 

105.77 

6.78 

14 

7.71 

-8.25 

105.42 

6.80 

15 

7.71 

-7.44 

105.75 

6.34 

16 

8.34 

-7.36 

106.38 

7.01 

17 

8.36 

-7.14 

106.40 

6.81 

18 

8.49 

-7.29 

106.53 

7.06 

19 

8.40 

-7.95 

106.44 

7.63 

20 

8.21 

-7.31 

106.25 

6.77 

21 

8.08 

-7,31 

106.12 

6.57 

22 

7.45 

-7.61 

105.49 

6.23 

23 

8.26 

-7.44 

105.97 

6.65 

24 

7.69 

-7.39 

105.73 

6.36 

25 

7.95 

-7.85 

105.99 

6.99 

26 

7.90 

-7.26 

105.94  • 

6.48 

27 

6.36 

-7.12 

106.40 

6.79 

28 

8.43 

-6,90 

106.47 

6.53 

29 

8.46 

-7.00 

106.50 

6.62 

30 

8.43 

-6.90 

106.47 

6.59 

31 

8.20 

-7.51 

106.24 

6.93 

32 

6.00 

-7,54 

106.04 

6.79 

33 

7.93 

-7.66 

105.97 

6.77 

34 

7.80 

-7.07 

105.84 

6.15 

35 

7.91 

-7.44 

105.95 

6.54 

36 

7.72 

-7,44 

105.76 

6.46 

37 

8.21 

-7.49 

106.24 

6.88 

38 

6.06 

-7.07 

106.10 

6.41 

39 

8.28 

-6.68 

106.31 

6.44 

40 

8.39 

-6.72 

106.43 

6.39 

Max 

8.49 

-6.72 

106.53 

7.63 

Mean 

8.07 

-7.38 

106.07 

6.64 

Hin 

7.45 

-8.25 

105.42 

6.03 

Std 

0.31 

0.31 

0.32 

0.32 

Figure  13.  SL  calibration  data 
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by  rearranging  Equation  3  to  solve  for  BL  as  follows; 


BL 


+  K 


hyd 


-SL^N^-N,-DI 


(6) 


Since  all  terms  on  the  right  side  of  the  equation  are  now  known,  BL,  and 
therefore  the  surface  reflection  coefficient  (BL  =  20  logm  R)  and  acoustic 
impedance  (Equation  2),  can  be  readily  determined.  If  the  desired  result  is  an 
assessment  of  the  bottom  surface  characteristics,  the  acoustic  solution  is 
complete.  All  that  remains  is  the  correlation  of  the  acoustic  parameters  with 
the  physical  sediment  properties.  Correlations  of  BL  and  specific  soil 
properties  are  presented  in  the  "Geoacoustic  Relationships"  section  of  this 
chapter. 


Physical  Sediment  Analysis 


The  vibracore  drilling  logs  and  sediment  gradation  curves  from  the  1991 
exploration  program  are  provided  in  Appendix  A.  The  geotechnical  testing 
results  provided  to  WES  of  selected  sections  of  each  1991  core  (DRV-1 
through  -29)  included  seive  analysis  down  to  the  No.  200  seive  and  sediment 
classification  according  to  the  Unified  Soil  Classification  System  (USCS). 
Further  processing  of  the  data  was  conducted  to  characterize  the  sediments  in 
a  manner  suitable  for  correlation  with  acoustic  data.  This  included  conversion 
of  grain  sizes  in  millimeters  to  the  0-scale  and  computation  of  grain  size 
parameters  and  grain  distributions.  Mean  grain  size  was  computed  as  the 
average  of  the  D84,  D50,  and  D,j  sizes,  and  the  sediment  distributions  were 
grouped  as  percentages  of  gravels,  sands,  and  fines.  Table  2  presents  an 
overview  of  specific  engineering  properties  of  each  sediment  sample  collected. 

In  addition  to  the  most  recent  cores,  core  logs  from  much  earlier  sampling 
programs  were  used,  particularly  for  the  study  area  north  of  the  Liston  Range. 
These  logs  proved  quite  useful  in  defining  zones  of  organic-rich  sediments  not 
sufficiently  sampled  in  the  1991  program. 


Geoacoustic  Relationships 


The  Delaware  River  Main  Channel  sediment  characterization  used  to  relate 
density,  mean  grain  size,  and  soil  type  is  summarized  in  Table  3.  In  general, 
the  categories  established  delineate  the  predominantly  clay,  silt,  and  sand 
sediment  types.  However,  sediment  mixtures  such  as  clayey  sands  and  silty 
sands  can  exhibit  uncharacteristically  high  or  low  density  values.  Also,  the 
mean  grain  size  parameter  may  not  always  completely  describe  actual  sedi¬ 
ment  conditions.  Factors  such  as  sorting  and  grain  size  variability  are  not 
necessarily  reflected  in  the  mean  grain  size  parameter.  The  present  state  of 
geoacoustic  technology  really  does  not  allow  for  the  microdelineation  of  all 
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Table  2 

Geoacoustic  Survey  Core  Analysis 


Grain  Size,  mm 


Core  Sample 
Elevation  Depth, 


No.  ftNGVD  ft 


Distribution,  % 

Laboratory 

Classification, 

Mean  Gravel  Sand  Fines  USCS 


DRV-1  |1 


2 


DRV-2  1 


DRV-3  1 


2 


DRV-4 


DRV-5 


DRV-6  1 


DRV-7 


DRV-8  1 


DRV-9  |l 


2 


0-1 


1-4.3  40 


6.3-10  1.1 


10-14.7  0.7 


1.02  0.425  0.3 


0.645 


22  84 


0.607  0.325  0.698  0 


0.425  0.265  0.463  1 1 


0.401  0.295  0.597  5 


0.425  0.31 5  0.48  3.5  |95.5  |l 

4.4-8. 2  1 10.1  2.805  0.301  4.402  35 


8.8-10  10.205  0.509  0.301  3.672  22 


14-18 

1.1 

1-2.3 

0.925 

sm 

93.5 

2.5 

16 

0 

98.6 

1.4 

93.5 

5.5 

91.5 

3.5 

71.5 

28.5 

95.5 

1 

59 

SP 


SM-SC 


SP 


12.4-16  1 0.1 09 


-5  11.05  4.905  0.309  5.421  50 


46  54  ML 


7.9-9. 1  1 1.605  1 0.609  |o.325  |o.846  10.05  87.5  2 


11-15  11.8  6.905  1 


6.568  60 


15-19.5  |6.08  1 1.2  0.601  2.627  29 


-2.6  0.207  0.115 


0.107  0.5  60.95  39  SM-SC 


0-1.7  |0.795  |0.405  |o.202  |o.467  0 


1.405  0.705  0.0702  0.727 


.5  SP 


12  SM-SC 


7.1-10  |0.308  0.206  0  0.171 


11.7-15  10.805  3  0.2805  4.695  45 


11.6-19  11.205  2.07  0.302  4.526  10.05  86.95 


1.3-3. 7  0.395  0.195  0  0.197  0  69 


95.5 


88 


60.5  39.5  SM-SC 


51.5  3.5  SP 


0.825  0.105 


10-15  0.4  0 


15-19  10.08  3 


0.106  0 


0-5 


5.5-11  0.6 


12.3-16  1.105  0.203  0 


0.31  0 


0.133  0 


4.36  41 


0.335  0 


0.2  0 


0.436  1 


SP 


31  SM-SC 


51.5  48.5  SM-SC 


36 


33 


51  49  SM-SC 


43  57  ML 


64  CL 


26  GM-GC 


60.5  38.5  SM-SC 


(Continued) 
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Table  2  (Continued) 

Core 

ID 

No. 

Core 
Elevation 
ft  NGVD 

Sample 

Depth, 

ft 

Grain  Size,  mm 

Distribution, 

% 

0.4 

1^1 

Mean 

Gravel 

Sand 

Fines 

Laboratory 

Classification, 

uses 

DRV-10 

1 

48.7 

0-5 

1.01 

0.225 

0 

0.412 

0 

59 

41 

SM-SC 

2 

5-10 

0.808 

0.201 

0 

0.336 

0 

68.5 

31.5 

SM-SC 

3 

13.3-15 

0.695 

0.195 

0 

0.297 

0 

79.5 

20.5 

SM-SC 

DRV-1 1 

1 

50 

0-5 

1.02 

0.101 

0 

0.374 

0 

78 

22 

SM-SC 

2 

5-10 

1.205 

0.307 

0 

0.504 

0 

70 

30 

SM-SC 

DRV-1 1 

3 

10-15 

1.101 

0.108 

0 

0.403 

0 

59 

41 

SM-SC 

■ 

15-19 

0.9 

0.2 

0 

0.367 

0 

75.5 

24.5 

SM-SC 

DRV-1 2 

1 

44.5 

0-5 

1.01 

0.107 

0 

0.372 

0 

58.5 

41.5 

SM-SC 

2 

8.9-10 

1.03 

0.425 

0 

0.485 

5 

66 

29 

SM-SC 

3 

10-15 

1.02 

0.225 

0 

0.415 

0 

61 

34 

SM-SC 

■ 

15-17 

0.808 

0 

0 

0.269 

0 

45.1 

54.9 

ML 

DRV-1 3 

1 

53.0 

0-5 

1.02 

0.407 

0 

0.476 

0 

79 

21 

SM-SC 

2 

5-9.25 

0 

0 

0 

0 

0 

14 

86 

CH 

3 

10-12.4 

0.7 

0.206 

0.107 

0.338 

2 

93 

5 

SP 

m 

12.4-16 

10.205 

4.0 

4.902 

47.5 

51.5 

1 

SP 

5 

17.1-20 

0.4 

0.203 

0.1 

0.234 

m, 

87 

13 

SM-SC 

DRV- 14 

1 

45.5 

0-5 

1.01 

0.207 

0 

0.407 

0 

64 

36 

SM-SC 

2 

7.4-10 

0 

0 

0 

0 

0 

14 

86 

MH 

3 

12.2-15 

0.201 

■ 

0.067 

0 

25 

75 

CL 

■ 

15-20 

0.5 

0.1 

0 

0.2 

0 

53 

47 

SM-SC 

DRV-1 5 

1 

46.8 

0-3.4 

1 

0.408 

0.301 

0.570 

1 

97 

2 

SP 

2 

10 

1.08 

0.402 

3.827 

31 

68 

1 

SP 

3 

mg 

0.308 

0.225 

0.102 

0.212 

1.05 

88.95 

10 

SP 

^■1 

■1 

10.8-14 

2.01 

0.908 

0.5 

1.39 

■ 

90 

3 

SP 

DRV-1 6 

1 

39.2 

0-5 

0.225 

0.101 

0 

0.109 

0 

68 

32 

SM-SC 

2 

5-10 

0.207 

0 

0 

0.069 

0 

37 

63 

ML 

3 

10-15 

0.7 

0.103 

0 

0.268 

0 

64 

36 

SM-SC 

IHI 

■1 

15-19 

0.2 

0 

0 

0.067 

2 

31 

67 

ML 
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Table  2  (Continued) 


Grain  Size,  mm 


0.301 

4.434 

0 

0.167 

0.09 

0.198 

0 

0.211 

0.125 

0.309 

0.502 

5.864 

0.102 

0.276 

0 

0.808 

Distribution,  % 

Laboratory 

Classification, 

Mean  Gravel  Sand  Fines  USCS 


58.5  41.2  SM-SC 


71  29  SM-SC 


0.808  21  60  19  MC-SC 


0.201  (0.09  |0.108  2 


0.309 


0.337  2 


0.236  3 


4.224  26 


0.378  3 


0.211  0 


0.234 


0.367  0 


2.967  18 


0.471  1 


0.234  0 


0.201 


4.955  40 


0.3 


0.067  0 


0.336  0.5 


5.854  57 


0.034  0 


0.134  0 


19  SM-SC 


48  SM-SC 


17  SM-SC 


34  SM-SC 


19  SM-SC 


29  SM-SC 


0.5  SP 


63  ML 


76  CH 


6  SP 


2  GP 


78  CL 


38.5  SM-SC 
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Table  2  (Concluded) 


Grain  Size,  mm 


Core  Sample 
Elevation  Depth, 
ft  NGVD  ft 


Distribution,  % 

Laboratory 

Classification, 

Mean  Gravel  Sand  Fines  USCS 
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Table  3 

Sediment  Description 

Density 

Mean  Grain  Size 

Basic  Sediment 

g/cm^ 

Description 

1.0-  1.4 

Outside  model 
boundary 

Soft  muds,  clays 

1.4  -  1.6 

>  4 

Clays,  silts, 
sandy  silts 

1.6  -  1.8 

4  -  2.2 

Clayey  sands, 
silty  sands 

1.8  -  2.0 

2.2  -  1.2 

Silty  sands, 
fine  sands 

2.0  -  2.2 

1.2-0 

Medium  sands 

2.2  -  2.4 

>  0 

Coarse  sands  and  gravels 

>  2.4 

N/A 

Stiff  clays,  rock 

grain  size  parameters.  It  does,  as  will  be  shown,  provide  good  characteriza¬ 
tion  of  the  general  nature  of  the  insonified  sediment  structure. 


Impedance  versus  soil  properties 

No  laboratory  measurements  of  density  were  performed  on  the  core 
samples,  which,  as  stated  in  Chapter  1,  were  collected  3  years  prior  to  this 
study.  Therefore,  the  geoacoustic  model  relating  impedance  to  density  was 
taken  from  a  previously  established  database  by  Hamilton  and  Bachman  (1982) 
(Figure  14).  This  model  has  been  successfully  used  in  lieu  of  site-specific 
in  situ  density /acoustic  correlations  as  shown  by  Figure  15  and  discussed  by 
McGee,  Ballard,  and  Caulfield  (1995).  It  has  been  shown  (McGee,  Ballard, 
and  Caulfield  1995)  that  for  the  case  of  naturally  occurring  sediments,  i.e.,  in 
a  marine  environment  and  with  similar  sedimentological  conditions,  density 
estimates  based  on  acoustic  impedance  can  be  estimated  within  ±10  percent. 
Had  density  measurements  been  available  from  reasonably  undisturbed 
sediment  samples,  the  accuracy  of  the  density  estimates  could  be  improved  to 
about  ±5  percent;  however,  the  stated  ±10  percent  should  be  sufficient  to 
meet  the  stated  objectives  of  this  study,  i.e.,  characterization  of  sediments 
pertaining  to  removal  by  dredging. 

Impedance  versus  mean  grain  size  is  modelled  according  to  the  geoacoustic 
relationship  developed  for  the  Delaware  Coast  AI  study  (McGee  1995).  Fig¬ 
ure  16  presents  the  Delaware  Coast  grain  size  model  with  data  points  from 
core  sites  along  the  Delaware  Main  Channel  and  from  the  New  Jersey  coast. 

Table  4  summarizes  acoustic  response  characteristics  of  surface  sediment 
data  collected  at  various  core  sites  along  the  ship  channel.  Listed  are  the 
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Figure  1 6.  Mean  grain  size  versus  impedance:  Delaware  coast,  New  Jersey  coast, 
Delaware  Main  Channel 

measured  and  estimated  core  properties  along  with  the  acoustic  and  associated 
sediment  descriptions.  The  acoustic  values  presented  in  Table  4  are  arithmetic 
means  of  the  acoustic  computations  for  all  soundings  collected  in  the  vicinity 
of  the  cores.  Only  sites  known  to  consist  of  naturally  occurring  sediments  are 
used  for  the  calibration  verification.  Environments  containing  overcon¬ 
solidated  sediments,  contaminated  sediments,  and  in  particular  sediments 
containing  organics  have  not  been  modelled  with  the  AI  method  and  are  not 
used  in  the  calibration  procedure.  The  presence  of  organics  was  a  major 
consideration  during  processing  and  analysis  of  these  data.  A  discussion  of 
organics  is  presented  in  the  "Limitations"  section. 


Absorption  model 

One  of  the  primary  energy  losses  encountered  during  acoustic  wave 
propagation  through  differing  media  is  that  due  to  absorption.  This  loss 
involves  a  process  of  conversion  of  acoustic  energy  into  heat  and  thereby 
represents  a  true  loss  of  acoustic  energy  to  the  medium  in  which  propagation 
is  taking  place.  Energy  loss  due  to  absorption  has  been  researched  extensively 
for  marine  sediments  through  which  reasonable  approximations  of  loss  are 
provided.  Hamilton  (1972a)  presents  convincing  experimental  evidence  to 
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Table  4 

Acoustic  Versus  Sediment  Properties 


Core  Data  (DRV  only) 

Acoustic  Measurements 

ID 

# 

Type’ 

Number 
of  Files 

Z 

1 0^  g/cm^sec 

R 

BL, 

db" 

^mc 

P 

g/cm^ 

27 

1 

SP 

1.72 

36 

2703 

0.288 

10.8 

1.63 

1.89 

26 

1 

SP 

2.10 

36 

2972 

0.331 

9.6 

0.98 

2.01 

25 

1 

SP 

0.72 

18 

2594 

0.269 

11.4 

1.32 

1.94 

24 

1 

SP 

1.42 

6 

2768 

0.299 

10.5 

0.92 

2.00 

23 

1 

SP 

1.57 

18 

3139 

0.355 

9.0 

0.66 

2.06 

22 

1 

SP 

-2.32 

36 

3365 

0.385 

8.3 

0.32 

2.15 

21 

1 

SP 

-1.57 

36 

3588 

0.412 

RH 

-1.37 

2.37 

20 

1 

SP 

1.40 

34 

3264 

0.372 

8.6 

-0.27 

2.29 

19 

1 

SM-SC 

3.21 

■  36 

3318 

0.379 

8.43 

0.68 

2.09 

17 

1 

SP 

-2.15 

40 

3310 

0.378 

8.44 

0.40 

2.11 

15 

1 

SP 

0.81 

24 

3182 

0.361 

8.86 

0.40 

2.13 

3 

1 

GP 

-2.44 

28 

2939 

0.326 

9.75 

0.92 

2.06 

Note;  Files  consist  of  40  consecutive  soundings. 

=  laboratory  measured  mean  grain  size. 

Z  and  R  computed  from  mean  BL  (shown  in  table)  from  all  files  in  subset. 

<Pmc  and  p  shown  are  arithmetic  means  of  individually  computed  <p  and  p  of  each  data  file  in  subset. 

=  acoustically  derived  mean  grain  size. 

'  Unified  Soil  Classification.  Refer  also  to  core  logs  in  Appendix  A. 

^BL  =  20  log,o  [R] 

absorption’s  relationship  to  the  first  power  of  frequency  and  presents  the 
following  important  observations: 

a.  Absorption  is  dependent  on  the  first  power  of  frequency. 

b.  Velocity  dispersion  is  not  important. 

c.  Intergrain  friction  appears  to  be,  by  far,  the  dominant  cause  of  wave- 
energy  dampening  in  marine  sediments. 

Specifically,  absorption  varies  as  a  function  of  frequency  according  to  the 
empirical  equation 
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a  =  l<f‘ 


(7) 


where 


a  =  absorption,  db/m 
k  =  attenuation  coefficient,  db/m/kHz 
/  =  frequency,  kHz 
n  =  exponent  of  frequency 

The  constant  n  has  been  experimentally  determined  to  be  essentially  unity  for 
the  frequencies  of  interest  leaving  k  in  Equation  7  as  the  only  variable.  This 
constant  varies  with  sediment  type  and  is  related  to  porosity  and  mean  grain 
size  as  shown  in  Figure  17.  A  modification  of  this  model  as  described  by 
Caulfield  and  Yim  (1983)  and  Caulfield,  Caulfield,  and  Yim  (1985)  is  used  in 
the  AI  method  to  estimate  the  engineering  properties  of  marine  sediments.  A 
reasonable  measure  of  absorption,  in  keeping  with  Equation  7,  is  provided 
assuming  an  exponential  correction  as  a  toction  of  frequency  by 


V  y 

a  =  10  logjo  e~^ 


(8) 


where 


p  =  density  of  layer,  gm/cc 

k  =  attenuation  coefficient  (similar  to  Hamilton’s) 

c  =  sound  velocity  of  layer,  m/sec 

X  -  precision  absorption  correction  factor 

The  coefficient  k  is  either  experimentally  derived  or  estimated  from 
Hamilton’s  regression  equation  (refer  to  Figure  17),  and  the  correction  factor 
X  is  included  to  compensate  for  localized  variations  in  the  absorption 
properties  of  sediments  in  a  given  geologic  setting.  This  value,  termed  the 
“absorption  factor,”  normally  remains  unity  and  is  altered  only  when  detailed 
core  data  are  available,  providing  regional  absorption  data.  The  value  is 
increased  or  decreased  so  that  the  deeper  impedance  estimates  match  the 
deeper  core  properties. 
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- .  ^  .  lean  ^ain  sue  mm  verstu  A  (in  Data.  s>*mbols,  and  remarks:  same  as  in  caption  for  I^inire  3. 

Plat  01  mean  gram  sue  in  mm  entphasiaes  relationships  in  sands  (see  text).  Regression  equations  for  solid  lines: 

fin^"sl‘;;d""aioTm"ao«Tm" -  P‘")> 


A  *  / 


o  O  ®  ® 


fOI03ITY.’% 


r-  “  • '  «“  V’)<  Data,  symbols,  and  remarks  same  as  m  cantion  for  Fiinire  1 

lines:  Coarse,  medium,  and  fine  sand  (36  to  46.7  percent):  i-i0.J747+0  00527^(n)' 


v-^  — jT  “  «««.  mcomra,  ana  one  Sana  {jo  to  40.7  percent):  i»0.27474>0  00527  /m\ 

Very  one  und  and  lower^porosity  miaed  sues  (46.7  to  52  percent):  i»0  04903  («V-^76M  Vfisiwt  vtm  /e?  ac 
percent):  i-3J2J2-0.(W9  (n).  Sik<Uys  («  W  90  perctSo:  *-0.7602-0^:187  (n)^A  (nT^  *“  “ 


Figure  17.  Attenuation  versus  mean  grain  size  and  porosity  (from  Hamilton  1972a) 
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For  the  Delaware  River  Main  Channel  project  the  absorption  factor  X 
remained  unchanged  (X=  12)  from  the  Delaware  coast  AI  study.  This  is 
based  on  the  similarities  between  the  Delaware  Bay  and  Delaware  coast 
physical  environments;  that  is,  in  the  vicinity  of  Delaware  Bay,  Pleistocene 
sediments  form  the  substrate  upon  which  the  sediments  of  the  Holocene 
marine  transgression  have  been  deposited  (Weil  1977),  which  is  basically  the 
same  transgressive  sequence  as  the  coast.  Direct  physical  verification  was  not 
possible  due  to  the  lack  of  precise  core  positioning  relative  to  the  surveyed 
positions.  In  many  instances,  cores  were  more  than  400  ft  off  the  survey  line. 
Absorption  verification  is  provided  via  the  acoustic  core  plots  provided  with 
the  sediment  profiles  (Chapter  6)  and  is  shown  to  correlate  adequately  with 
existing  sample  data.  Individual  acoustic  core  plots  are  presented  in 
Appendix  B. 


Polarity  of  reflection  coefficient 

The  nature  of  the  impedance  change  (higher  or  lower)  at  a  sediment 
horizon  will  produce  either  a  positive  or  negative  reflection  coefficient.  A 
negative  reflection  coefficient  results  from  the  phase  change  of  the  reflected 
signal  occurring  when  the  wave  reflects  off  a  softer  layer.  This  phenomenon 
is  described  mathematically  by  rearranging  Equation  2  to  solve  for  R  resulting 
in 


R  = 


Z,  -Z. 
Z,  .z, 


(9) 


It  is  readily  apparent  that  whenever  the  impedance  of  the  upper  layer,  Zj,  is 
greater  than  Z2,  R  becomes  a  negative  number. 

Techniques  have  been  developed  to  assess  the  reflection  sign,  each 
dependent  upon  the  type  of  acoustic  signal  used  to  insonify  the  sediments. 

For  wide-band  frequency-modulated  pulses,  such  as  “Chirp”  systems,  the 
polarity  of  R  is  assessed  using  match-filter  correlation  techniques'  to  correlate 
the  source  wavelet  with  the  reflected  wave.  Since  no  wide-band  sonars  were 
used  for  this  study,  a  new  approach  was  devised  to  exploit  the  pulse 
characteristics  of  band-limited  acoustic  pulses  that  relied  heavily  on  statistical 
analysis  rather  than  the  aforementioned  deterministic  approach. 

By  shaping  the  transmit  pulse  into  a  Gaussian  distribution,  a  peak 
amplitude  can  be  detected  as  shown  by  Figure  18.  After  the  peak  amplitude 
of  the  first  bottom  signal  is  detected,  a  determination  is  then  made  of  its 
polarity.  Except  for  the  case  of  organics,  the  surface  material  reflectivity  is 


‘  Correlation  technique  is  described  in  Caulfield  (1991a)  and  McGee  (1995). 
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HLE:  pcl80015 


Figure  18.  Shaped  transmit  pulse  for  Delaware  Main  Channel  survey 

always  assumed  positive  since  sediment  structures  usually  have  a  higher 
impedance  than  seawater.  Having  determined  this,  the  entire  signal  is  scanned 
in  the  energy  domain,  on  data  above  the  minimum  S/N  ratio,  and  the  peak  at 
each  reflecting  horizon  is  located.  Once  the  peak  is  found,  data  are  then 
returned  to  the  time  domain  to  determine  if  the  peak  signal  is  positive  or 
negative.  The  method  uses  integration  constants  to  handle  noise;  however,  in 
the  presence  of  noise,  the  technique  is  not  guaranteed  to  produce  perfect 
results.  It  has  been  found,  though,  that  by  averaging  results  over  many 
sequential  traces,  fairly  reasonable  results  can  be  obtained,  again  showing  the 
importance  of  high  S/N  data.  This  technique  was  used  in  the  analysis 
procedure  for  the  Delaware  Main  Channel  study. 


Limitations 


As  with  any  remote  sensing  technique,  limitations  exist.  The  limitations 
must  be  understood  to  use  the  method  appropriately.  Probably  the  most 
common  fault  encountered  in  geophysical  studies  is  the  improper  application 
of  a  given  technique  for  a  given  study  objective.  The  following  limitations 
exist  for  the  present  AI  technique. 

a.  Nonstandard  marine  sediments.  The  AI  model  used  to  predict  sediment 
density  is  based  on  natural  marine  sediments.  Acoustically  derived 
densities  above  2.4  g/cc  are  extrapolations  from  empirical  data  derived 
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from  mainly  marine  sediment  environments.  Without  core  confir¬ 
mation,  wet  density  estimates  based  on  acoustic  impedance  values  above 
4,500  1(F  g/cm^  sec  are  unverified.  Sediment  impedances  greater  than 
4,500  10^  g/cm^  sec  have  been  measured  by  Caulfield  (1992)  in  sedi¬ 
ments  described  as  compacted  sands,  carbonate  sands  or  coral,  and  very 
coarse  sands  and  fine  gravels.  During  AI  surveys  along  the  southern 
Atlantic  coast  in  Charleston  Harbor,  South  Carolina,  and  the  Savannah 
Ship  Channel,  Georgia,  a  calcareous  silty  fine  to  medium  sand,  referred 
to  locally  as  “Cooper  Marl,”  exhibited  uncharacteristically  high 
impedance  values.  Whereas  these  sediment  types  are  not  associated 
with  the  Delaware  River  region,  they  are  presented  to  show  that  certain 
sediment  structures,  herein  classified  as  nonstandard  sediments,  do 
possess  high  acoustic  impedance  responses.  Also,  rock  typically  has 
impedance  values  greater  than  4,500  10^  g/cm^  sec.  Unfortunately, 
sufficient  physical  sediment  data  were  not  available  during  analysis  to 
develop  all  site-specific  geoacoustic  parameters  to  comprehensively 
model  all  sediment  environments  of  the  Delaware  River  Main  Channel. 
The  core  information  available  during  project  planning  did  not  reveal 
every  sediment  condition  encountered.  No  further  physical  exploration 
has  been  conducted. 

b.  Organic  sediments .  Applying  algorithms  for  natural  marine  sediments 
to  gassy  sediments  can  lead  to  overestimation  of  impedance  values. 
Organic  layers  may  contain  entrained  gas  bubbles.  Because  this  gas,  or 
air,  has  a  markedly  different  density  and  compressibility  than  seawater, 
a  high  percentage  of  the  incident  sound  wave  will  be  reflected,  resulting 
in  limited  acoustic  penetration.  A  portion  of  this  energy  may  also  be 
scattered  in  all  directions,  resulting  in  a  lack  of  coherency  between 
soundings.  Another  characteristic  of  organic  sediments  at  or  near  the 
water/sediment  interface  is  the  phase  change  that  occurs  during  reflec¬ 
tion.  The  bottom  surface  reflectivity  of  organic  sediments  will  have  a 
negative  polarity  response  due  to  reflections  from  a  water  over  gas-  or 
air-bubble  interface  compared  to  what  should  be  a  positive  reflection 
coefficient  in  a  water  over  sediment  configuration.  In  summary,  the 
presence  of  organics  in  the  sediments  along  the  Delaware  Ship  Channel 
is  assessed  by  a  combination  of  core  information  and  reflected  signal 
characteristics,  i.e.,  ping-ping  coherency,  phase  reversal,  high  signal 
attenuation,  and  higher  than  normal  reflectivity.  Areas  of  suspected 
organics  are  identified  on  the  sediment  profiles;  however,  no  acoustic 
impedance  analysis  is  performed. 

c.  Signal-to-noise  ratio.  The  ability  to  assess  any  environment  accurately 
is  strictly  a  function  of  the  quality  of  the  data  obtained.  Low  S/N  data 
will  produce  poor  quality  results  or  possibly  no  results  at  all.  The  AI 
method  limits  its  processing  to  data  with  a  S/N  ratio  greater  than  5  db. 
One  must  always  be  suspicious  of  impedance  predictions  in  areas  of 
poor  S/N.  Therefore,  no  analysis  is  performed  on  data  of  poor  S/N, 
defined  as  less  than  5  db.  The  sediment  profiles  are  annotated  to 
identify  poor  S/N  data. 
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d.  Layer  identification.  Unique  sediment  units  can  be  identified  only  when 
an  impedance  change  exists.  Gradual  vertical  changes  in  soil  type  may 
not  result  in  an  impedance  differential  large  enough  to  produce  a 
reflection. 

e.  Resolution.  Vertical  resolution  and  the  ultimate  depth  of  penetration  are 
dependent  primarily  on  the  frequency  of  the  sound  wave.  Higher 
operating  frequencies  permit  greater  resolution  of  the  marine  sediments 
but  shallower  depths  of  energy  penetration  depending  on  the 
characteristics  of  the  subbottom  materials.  Also,  in  high-attenuation 
sediments,  the  higher  frequencies  are  attenuated  at  a  higher  rate  than  the 
low  frequencies,  resulting  in  degradation  of  resolution  and  errors  in 
absorption  estimates  for  very  deep  layers.  For  this  study,  pulse  lengths 
of  0.2  and  0.5  msec  were  selected.  Vertical  resolution  was  limited  to 
approximately  1  ft.  Vertical  sediment  changes  occurring  more  rapidly 
than  every  foot  are  not  always  detected.  As  stated  earlier,  depths  were 
adjusted  to  match  the  high-accuracy  fathometer  depths,  providing  5:1 
improvement  in  the  depth  resolution. 

/.  Beam  pattern  or  directivity.  Experience  has  shown  that  beam  pattern 
and  transducer  directivity  contribute  significantly  to  signal  degradation. 
Sloping  bottoms  and  rapidly  dipping  reflection  horizons  cause  inconsis¬ 
tent  reflection  data  through  focusing  and  defocusing  of  the  incident 
energy.  Rough,  irregular  bottoms  with  numerous  scatterers  will 
specularly  disperse  energy  away  from  the  receiving  array.  Sufficient 
notation  is  provided  on  the  sediment  profiles  to  indicate  when  the 
acoustic  analysis  is  possibly  affected  by  directivity  problems. 

g.  Core  locations.  As  stated  in  Chapter  1,  the  AI  survey  was  conducted 
approximately  3  years  after  the  most  recent  vibracore  sampling  program 
was  accomplished.  Consequently,  many  of  the  cores  were  retrieved  at 
offsets  from  the  main  channel  center  line,  many  of  which  are  located 
along  the  side  slopes  or  even  far  outside  the  channel  limits.  It  is  quite 
possible  that  sediment  conditions  at  the  cores,  particularly  near  the 
surface,  are  different  from  those  insonified  along  the  channel  center 
line.  Also,  since  the  cores  were  not  positioned  based  on  results  of  the 
subbottom  profile  data,  not  all  unique  sediment  environments  may  be 
sampled.  All  core  data  used  in  the  sediment  characterization  are  shown 
on  the  sediment  profiles  and  in  Appendix  B. 

li.  Relatively  shallow  cores.  Cores  were  collected  to  maximum  depths  of 
20  ft  below  the  mudline.  Since  the  objective  of  the  study  was  to 
identify  sediments  in  the  uppermost  20  ft  of  the  subsurface,  the  core 
depths  would  seem  to  be  sufficient.  In  general,  they  are;  however,  in 
some  areas  of  the  study,  significant  subsurface  anomalies  and  noncon¬ 
formities  were  detected  below  the  20-ft  depth,  preventing  absolute 
verification  of  the  acoustically  derived  sediment  properties  at  these 
depths. 
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The  AI  method  attempts  to  estimate  the  engineering  properties  of  bottom 
and  subbottom  marine  sediments  in  a  quantitative  fashion.  Whenever  an 
assumption  is  made  based  on  something  other  than  mathematical  processing, 
that  assumption  is  stated.  Also,  whenever  the  data  are  not  sufficiently  high  in 
S/N,  no  attempt  at  interpretation  is  made,  except  as  verified  by  core  data. 
Totally  subjective  interpretations  are  avoided. 
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6  Discussion  of  Results 


Sediment  Profiles 

The  distributions  of  computed  sediment  densities  and  sediment  descriptions 
within  the  project  area  are  presented  in  Plates  2-16  as  two-dimensional  pro¬ 
files  illustrating  the  primary  bottom  and  subbottom  interfaces  and  differing 
zones  of  sediment  material.  For  presentation  purposes,  the  survey  area  is 
divided  into  segments  subdividing  the  winding  main  channel  into  tangential 
profile  sections.  The  profiles  in  Plates  2-16  correspond  to  the  segments  listed 
in  Table  1  and  identified  in  Plate  1. 

The  profiles  illustrate  the  depth  to  a  particular  interface  (in  feet  mllw), 
representative  sediment  properties,  and  corresponding  location  along  the  sur¬ 
vey  line.  The  labelled  black  dots  at  the  top  of  each  profile  denote  the  survey 
track-line  and  direction.  Each  dot  also  represents  the  beginning  of  every 
seismic  data  file  recorded  to  give  an  indication  of  the  data  coverage  along 
each  line  and  assist  in  correlating  the  raw  data  and  interpreted  results.  The 
associated  label  represents  the  data  file  number  and  correlates  with  the  data 
file  number  on  the  color  subbottom  reflection  records  (Figure  8).  When  the 
data  file  is  referenced  through  the  remainder  of  this  report,  the  first  three 
digits  will  indicate  the  data  file  number  and  the  last  digit  will  indicate  the 
subfile  number  (i.e.,  file  0513  is  data  file  51,  subfile  3).  Philadelphia  District 
project  station  numbers  are  included  on  each  sediment  profile.  The  sediment 
profiles  have  been  completely  adjusted  for  horizontal  position  (effects  of  boat 
speed)  and  survey  heading.  All  profiles  are  presented  heading  in  a  northerly 
direction,  allowing  consistency  in  the  data  interpretation.  Actual  boat  heading 
is  in  the  direction  of  increasing  data  file  numbers  on  the  profiles. 

All  cores  used  during  the  study  are  identified.  Since  the  cores  were 
retrieved  prior  to  the  survey  and  are  unfortunately  not  always  located  directly 
along  the  survey  lines,  the  actual  distance  each  core  is  offset  from  the  survey 
is  shown  alongside  the  core  position.  Also,  locations  where  precision  acoustic 
analysis  was  performed,  or  “acoustic  cores,”  are  presented.  These  sites  are 
identified  by  the  prefix  AC  followed  by  the  line  number  and  individual  file 
number  for  that  line,  i.e.,  AC-DP50-12/1.  All  “Acoustic  Core”  density  plots 
are  presented  in  Appendix  B  in  ascending  order  along  the  survey  track. 
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Sediment  Description 


Brandywine  Range 

Survey  line  DP50  encompasses  the  Brandywine  Range  of  the  main  channel, 
begirming  at  approximately  station  511+696  and  continuing  northward  to  the 
end  of  the  range  at  station  448+120.  The  sediment  profile  for  line  DP50  is 
presented  as  Plate  2.  The  sediments  above  elevation  (el)  -50  between  files 
0000  and  0820  are  characterized  as  predominantly  fine  to  medium  poorly 
graded  sands  with  densities  ranging  between  1.8  and  2.0  g/cc.  The  surface 
sediments  along  the  southern  end  of  this  line  are  dominated  by  2-  to  3-ft  sand- 
waves  from  file  0040  through  0140,  then  becoming  1-2  ft  in  height  to  file 
0230.  Surface  sandwaves  cause  random  reflection  diffractions  away  from  the 
receiving  array,  inhibiting  precise  acoustic  reflectivity  analysis.  Therefore, 
only  limited  acoustic  analysis  was  performed  on  sediments  in  these  areas. 

A  layer  of  silty  or  clayey  sands  is  detected  at  about  el  -50  with  thicknesses 
ranging  between  5  and  10  ft.  Core  DRV-26  shows  a  silt  layer  12  ft  below  the 
bottom.  AC-DP50-25/1  computed  a  negative  impedance  change  that  cor¬ 
relates  precisely  with  the  sediment  thicknesses  shown  in  the  core. 

Core  DRV-25,  near  files  DP500560  through  DP500580  (Figure  19), 
revealed  fine  to  medium  poorly  graded  sand  in  the  upper  16  ft,  followed  by  a 
1-ft-thick  layer  of  gravel  overlying  inorganic  silt  from  el  -17.5  to  the  bottom 
of  the  core.  The  acoustic  data  show  faint  horizons  at  approximately  these 
depths,  indicative  of  only  slight  changes  in  the  sediment  structure.  The  reflec¬ 
tivity  analysis  (AC-DP50-56/4  and  -57/1)  shows  an  increasing  impedance 
sequence,  comparing  nicely  with  the  lithology  presented  in  Core  DRV-24  near 
file  0720  where  13  ft  of  fine  to  medium  poorly  graded  sand  overlays  gravelly 
sand. 

At  file  0760  a  reflecting  horizon  at  about  el  -80  appears  (Plate  2).  This 
horizon  continues  at  this  depth  until  file  0920  where  it  seems  to  slope  upward, 
nearing  the  surface  at  file  0950.  The  acoustic  analysis  describes  a  material 
with  densities  typically  greater  than  2.2  g/cc.  No  core  data  are  available  for 
verification. 

Between  file  0820  and  1030  at  the  end  of  line  DP50  the  acoustic  data  show 
a  considerable  amount  of  lateral  sediment  variability.  The  surface  sediments 
range  between  1.6  and  2.2  g/cc.  Several  1-  to  2-ft-thick  pockets  of  clays  and 
silts  (1.4-1. 6  g/cc)  were  detected  along  the  channel  bottom  between  files  0960 
and  1030.  Three  paleochannels,  each  penetrating  the  substrate  to  below 
el  -60,  were  detected  in  this  area.  Acoustically  derived  densities  are  in  the 
1.6-  to  1.8-g/cc  range  for  the  sediments  filling  the  channels.  Cores  DRV-23 
and  DRV-22  confirm  this  analysis,  showing  silts  and  clays  near  the  surface. 
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Miah  Maull  Range 


The  Miah  Maull  Range  was  surveyed  as  line  DP51  between  stations 
447+560  and  404  +  934.  The  computed  sediment  profile  is  presented  in 
Plate  3. 

Surface  sediments  along  line  DP51  consist  primarily  of  fine  to  coarse  sands 
with  densities  ranging  between  1.8  and  2.4  g/cc.  Between  files  0000  and 
0220  the  subbottom  data  were  highly  attenuated,  indicative  of  a  basically 
uniform  stratification.  Above  file  0220,  a  rather  complex  geologic  environ¬ 
ment  exists.  A  large  paleovalley  begins  at  file  0220  continuing  to  about  file 
0520  with  the  base  of  the  formation  reaching  depths  of  35  ft,  from  el  -45  to 
el  -80. 


The  surface  sediments  in  the  southern  portion  of  the  Miah  Maull  Range  are 
primarily  medium  to  coarse  sands  possibly  containing  some  gravel-size 
materials,  the  coarsest  of  the  sediments  lying  between  files  0120  and  0220. 

The  surface  samples  from  cores  DRV-21  and  DRV-22  describe  poorly  graded 
medium  sands  with  scattered  gravels.  Densities  are  between  2.00  and 
2.3  g/cc.  A  couple  of  small  clay  pockets  were  detected  at  the  surface  at  files 
0090  and  0103.  There  are  basically  no  subbottom  data  in  this  region. 

The  surface  horizon  in  the  southern  portion  of  the  range  seems  to  form  the 
floor  of  the  paleovalley  beginning  at  file  0220  as  shown  by  Figure  20. 

AC-DP5 1-23/1  predicts  a  density  of  2.4  g/cc  at  the  valley  floor,  the  same  as 
estimated  at  the  surface  at  file  0165  (AC-DP51-16/5).  The  uppermost  sedi¬ 
ments  (top  5  ft)  consist  primarily  of  fine  to  medium  sands  ranging  in  density 
between  1.8  and  2.2  g/cc.  The  valley  fill  sediments  between  files  0280  and 
0360  contain  isolated  and  discontinuous  reflectors,  giving  the  sediments  a 
weakly  layered  appearance.  A  portion  of  this  section  is  shown  in  Fig¬ 
ure  21.  Sediment  densities  in  the  1.6-  to  1.8-g/cc  range  were  calculated  in 
isolated  pockets  throughout. 

The  sediment  structure  north  of  file  0350  has  a  uniformly  layered 
appearance  as  shown  by  Figure  22.  Core  DRV-19  describes  silty  and  clayey 
sands  (SM-SC)  in  the  upper  15  ft  overlaying  a  competent  gravelly  sand  layer. 

A  layer  of  sand/silt/clay  in  the  1.6-  to  1.8-g/cc  range  was  detected  5-10  ft 
below  the  channel  bottom  between  files  0350  and  0513.  AC-DP51-40/2  (refer 
to  Figure  22)  presents  a  typical  acoustic  analysis  for  this  area.  This  layer 
seems  to  pinch  out  at  about  file  0513.  The  subsurface  reflectivity  between 
files  0490  and  0550,  which  is  the  end  of  the  Miah  Maull  Range,  has  a  highly 
variable  characteristic  indicative  of  heterogenous  sediments,  possibly 
indicating  the  continued  presence  of  these  sand/silt/clay  sediments  in  the  sub¬ 
surface. 


Cross  Ledge  Range 

Survey  line  DP52  is  the  Cross  Ledge  Range  and  extends  between 
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Figure  19.  3.5-kHz  seismic  profile  data  along  Brandywine  Range;  digital  files  DP500560-DP500580 
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Figure  20.  3.5-kHz  seismic  profile  data  along  Miah  Maull  Range;  digital  files  DP510210-DP510253 
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Figure  21.  3.5-kHz  seismic  profile  data  along  Miah  Maull  Range;  digital  files  DP510290-DP510321 


AC-DP5140/2 
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Figure  22.  3.5-kHz  seismic  profile  data  along  Miah  Maull  Range;  digital  files  DP510400-DP5 10431 


stations  401  +  173  and  384+219.  Plate  4  presents  the  sediment  descriptions 
for  this  range.  In  general,  the  sediments  through  the  Cross  Ledge  Range  are 
consistently  more  competent  than  the  previous  ranges  with  all  computed 
densities  between  1.8  and  2.4  g/cc.  Three-  to  four-foot  sandwaves  at  wave¬ 
lengths  between  100  and  150  ft  dominate  the  bottom  topography  between  files 
0010  and  0060.  Surface  densities  are  estimated  at  1. 8-2.0  g/cc,  or  a  mostly 
fine  to  medium  sand.  The  surface  data  from  the  end  of  the  sandwaves  to  the 
northern  end  of  the  range  at  file  0215  show  reaches  of  contrasting  surface 
reflectivity,  and  therefore  contrasting  sediment  density  as  shown  by  Plate  4. 

A  prominent  reflector  is  present  between  el  -55  and  -65  for  nearly  the 
entire  length  of  the  range.  Figure  23  shows  the  reflection  data  for  a  portion 
of  this  segment  between  file  0150  and  0190.  This  horizon  is  assessed  in 
AC-DP52-12/0  with  a  surface  density  characteristic  of  sand  to  fine  gravels 
(p  «  2.6  g/cc)  overlying  a  layer  of  medium  sand  before  hitting  the  sand-fine 
gravel  layer  (p  »  2.5  g/cc)  at  el  -55.  Moving  north,  the  upper  sediments 
become  less  competent  (p  «  1. 8-2.0  g/cc),  shown  by  a  distinct  contrast  in 
acoustic  signature  in  the  subbottom  data.  Between  files  0150  and  0180  the 
upper  5-10  ft  may  contain  quantities  of  silts  and  clays,  approximately  10  per¬ 
cent  or  less,  and  could  be  classified  as  either  silty  or  clayey  sand  as  shown  bv 
Core  DRV-17. 


Listoii  Range 

The  Liston  Range  encompasses  the  transition  from  the  Delaware  Bay  to  the 
Delaware  River  and  is  presented  in  Plates  5-7  as  survey  lines  SC04A,  SC04B, 
and  SC04C,  respectively  (refer  also  to  Table  1).  Line  SC04A  begins  at 
station  384+059  at  file  0000  and  ends  at  station  343+289  at  file  0420  as 
shown  by  Plate  5.  Line  SC04B  continues  northward  from  the  end  point  of 
SC04A  to  file  0850  at  station  302+042.  The  northern  third  of  the  Liston 
Range  is  presented  as  survey  line  SC04C  beginning  at  file  0850  and  ending  at 
file  1143  near  station  274+790. 

SC04A.  This  segment  (Plate  5)  is  characterized  by  frequent  changes  in 
sediment  type  proceeding  upriver.  The  surface  sediment  densities  range  from 
very  competent  (p  >  2.2  g/cc)  to  soft  (p  <  1.6  g/cc).  A  significant  paleo- 
channel  depicted  between  files  0110  and  0230  is  filled  with  sediments  of  1.6- 
to  1.9-g/cc  density.  The  upper  sediment  unit  exhibits  characteristics  of  lateral 
discontinuity  and  reflection  amplitude  variability  as  shown  by  Figure  24. 
Sediments  are  probably  mixed  sands,  silts,  and  clays  of  varying  consistency. 

Between  files  0250  and  0330  the  surface  sediments  become  quite  competent 
with  computed  densities  greater  than  2.2  g/cc.  The  nearest  core,  DRV-15, 
which  is  nearly  500  ft  off  line,  describes  sediments  of  coarse  sands  and 
gravels,  which  is  consistent  with  the  acoustic  results  in  this  area.  Also, 
numerous  well-defined  small  pockets  of  silts  or  clays  were  detected  along  the 
surface,  becoming  more  prevalent  heading  north.  Little  to  no  subbottom 
penetration  was  achieved. 
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SC04B.  Beginning  at  file  0342  of  line  SC04A  (Plate  5)  and  continuing  to 
file  0650  of  SC04B  (Plate  6),  a  2-  to  4-ft-thick  layer  of  heterogenous  soft 
sediments  (p  <  1.6  g/cc)  transitioning  from  1.8  g/cc  to  1.4  g/cc  between  files 
0350  and  0410  overlays  a  seemingly  more  competent  sediment  surface  with 
considerable  lateral  variability.  Figure  25  is  a  section  of  the  reflection  profile 
data  typical  of  this  sediment  zone.  Core  DRV-14  (667  ft  off  line)  contains 
sand-silt-clays  over  firm  silts  and  clays  with  interbedded  organic  layers  in  the 
subbottom  sediments.  Organic  layers  may  contain  entrained  gas  bubbles. 
Because  this  gas,  or  air,  has  a  markedly  different  density  and  compressibility 
from  seawater,  a  high  percentage  of  the  incident  sound  wave  will  be  reflected, 
resulting  in  limited  acoustic  penetration.  Since  gas  bubbles  within  sediments 
are  strong  acoustic  reflectors,  the  use  of  standard  algorithms  for  nongassy 
sediments  can  lead  to  overestimation  of  predicted  impedance  values.  A  por¬ 
tion  of  this  energy  may  also  be  scattered  in  all  directions  resulting  in  a  lack  of 
coherency  between  soundings.  Due  to  the  possibility  that  unquantified  per¬ 
centages  of  organics  may  be  present  in  these  sediments,  additional  cores  are 
recommended  in  this  area  for  verification  of  the  effects  of  organics  on  the 
acoustic  technique  applied. 

An  intriguing  feature  of  much  of  the  raw  reflection  data  along  lines  SC04 
and  SC05  is  an  800-Hz  reverberation  containing  relatively  high  amplitude 
levels.  An  example  is  presented  in  Figure  26.  This  acoustic  artifact  is  pro¬ 
duced  by  the  bubble  pulser  sound  source  towed  approximately  50  ft  behind  the 
vessel.  At  this  low  frequency,  it  is  believed  that  the  bubble  pulser  signal  is  in 
resonance  with  gas  bubbles  entrained  in  organic  sediments,  resulting  in  reflec¬ 
tion  detections  with  the  pinger  receiving  array  located  near  the  bow  of  the 
vessel.  These  are  not  pinger  reflections;  however,  they  are  believed  to  be 
good  indications  of  the  presence  of  organics  in  the  sediments  since  this  cross¬ 
talk  was  not  present  in  areas  known  to  be  free  of  organics.  Beginning  at  line 
SC06,  the  bubble  pulser  was  eliminated  as  a  seismic  source. 

At  file  0651  the  reflection  characteristics  change  significantly.  The  surface 
between  files  0651  and  0720  consists  of  3-  to  4-ft  sandwaves  interpreted  to  be 
fine  to  medium  sands.  A  major  reflecting  horizon  was  detected  at  about 
el  -59  as  shown  in  Figure  27.  The  high  intensity  of  the  reflection  data 
indicates  a  significant  and  distinct  contrast  in  sediment  structure  above  and 
below  this  interface.  Acoustically  derived  density  estimates  showed  densities 
below  this  interface  greater  than  2.4  g/cc.  An  accurate  acoustic  assessment 
was  difficult  to  perform  due  to  the  surface  sandwaves,  probably  skewing  the 
results  low.  It  is  therefore  possible  that  this  interface  might  actually  be  a  stiff, 
dense  clay,  or  as  discussed  previously,  an  organic  layer.  There  is  no  core 
evidence  suggesting  this  to  be  rock.  Core  information  should  be  obtained  for 
verification.  This  surface  gradually  slopes  upward,  nearing  the  channel 
bottom  at  file  0720. 

SC04C.  The  data  between  file  0720  of  line  SC04B  (Plate  6)  and  file  1060 
of  line  SC04C  (Plate  7)  are  basically  the  same  throughout.  A  thin  layer  of 
clay /silt  material  (1.4- 1.6  g/cc)  overlays  a  highly  reflective  sediment  unit 
through  which  there  is  no  acoustic  penetration.  The  acoustic  response 
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Figure  23.  3.5-kHz  seismic  profile  data  along  Cross  Ledge  Range;  digital  files  DP520150-DP520185 
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Figure  26. 


characteristics  are  very  similar  to  that  described  between  files  0350  and  0650 
of  line  SC04B  (Plate  6).  Acoustically  derived  density  estimates  are  all  above 
2.2  g/cc,  reaching  as  high  as  an  unrealistic  2.8  g/cc  above  file  1000.  The 
cores  throughout  reach  SC04  (DRV-14  in  Plate  6  and  DRV-13  and  DRV-12  in 
Plate  8)  all  consist  of  sediments  described  as  predominantly  clays  and  silts 
with  some  sand  faces.  Organics  are  present  in  all  cores.  Due  to  the  high 
reflectivity  potential  of  gassy  sediments  (organics),  impedance  calculations  in 
this  area  are  suspected  to  be  high  relative  to  the  actual  sediments  encountered. 
Therefore,  acoustically  derived  density  estimates  for  sediments  below  the  soft 
surface  layer  are  most  likely  not  applicable  and  are  subsequently  not 
presented.  Additional  cores  are  needed  for  identification  of  these  sediments. 

One-  to  two-foot  surface  sandwaves  are  present  in  the  northernmost  reach 
of  the  Liston  Range  between  files  1060  and  1110.  Then  beginning  at  file 
1110,  a  3-  to  5-ft  thick  layer  of  silts  and  clays  overlays  a  competent  subbot¬ 
tom  horizon  through  which  no  acoustic  penetration  was  achieved.  This  layer 
is  presented  as  a  material  with  a  density  of  2.2-2.4  g/cc;  however,  it  does 
exhibit  considerable  lateral  reflection  amplitude  variability.  The  reflection 
data  between  files  1110  and  1130  resemble  the  data  between  files  0420  and 
0650  of  line  SC04B  (Plate  6)  described  as  organic.  Since  no  core  evidence 
exists  to  indicate  otherwise,  there  is  no  reason  to  believe  that  sediments  here 
are  not  also  organic. 


Baker  Range  and  Reedy  Island  Range 

Acoustic  files  SC050000  -  0120  include  the  Baker  Range  followed 
immediately  by  the  Reedy  Island  Range  between  files  0120  and  0450.  The 
sediment  profile  for  these  ranges  is  presented  in  Plate  8. 

The  same  sediment  environment  described  for  the  northern  end  of  the 
Liston  Range  continues  northward  to  about  file  SC050090  of  the  Baker  Range. 
An  upper  layer  of  predominantly  fine  material  (p  <  1.6  g/cc)  is  shown  in 
Figure  28  overlaying  an  acoustically  impenetrable  layer.  The  upper  layer 
becomes  more  competent  upriver  until  it  pinches  out  completely  at  file  0093, 
likely  due  to  increasing  percentages  of  sands  in  the  sediments.  Core  DRV-13, 
nearly  250  ft  off  line,  describes  a  silt-clay  sediment  overlaying  sands  with 
gravels.  This  correlates  precisely  with  the  acoustic  estimates  from  AC-SC05- 
3/3  and  AC-SC05-4/1  where  sediment  densities  of  1.5-1. 6  g/cc  and  1.9- 
2.2  g/cc  were  predicted  for  the  upper  and  lower  sediment  units,  respectively. 
Even  though  Core  DRV-13  correlates  with  the  acoustic  data  at  the  beginning 
of  line  SC05,  there  is  still  some  concern  about  the  possible  presence  of 
organics  in  the  sediments. 

Beginning  at  file  0100,  surface  densities  based  on  reflectivity  analysis 
range  between  1.8  and  2.5  g/cc,  indicative  of  predominantly  sands  and 
gravels.  There  is  essentially  no  acoustic  penetration  into  the  subbottom 
through  file  0270.  At  this  point  a  weak,  yet  distinctive  reflector  is  detected  at 
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about  el  -60,  rising  to  within  2  ft  of  channel  bottom  at  file  0344.  Analysis  of 
the  surface  data  reveals  a  highly  competent  overburden  sediment  (p  »  2.0- 
2.2  g/cc).  Beginning  at  file  0350,  a  1-  to  2-ft  thick  layer  of  silt-clay  sediment 
(1.4- 1.6  g/cc)  overlays  a  highly  reflective  sediment  unit  until  it  surfaces  at 
file  0500.  Acoustic  cores  AC-SC05-37/4,  -46/0,  and  -51/0  estimated  sediment 
densities  around  2.4  g/cc;  however,  this  density  estimate  is  questionable  due 
to  the  potential  organic  matter  in  these  sediments.  Cores  463,  461,  and  459 
(refer  to  Appendix  A,  Table  Al)  present  highly  variable  sediment  conditions, 
ranging  from  organic  silts  and  clays  to  coarse  sands  and  gravels.  Core  DRV- 
12,  nearly  450  ft  off  line,  at  the  end  of  line  SC05  shows  organic  silty  clay 
near  the  surface.  There  is  no  acoustic  penetration  through  this  sediment  unit. 


New  Castle  and  Bulkhead  Bar  Ranges 

Acoustic  files  SC060120  through  SC060520  include  the  New  Castle  and 
Bulkhead  Bar  Ranges  and  the  beginning  of  the  Deepwater  Point  Range.  The 
sediment  profile  for  these  ranges  is  presented  in  Plate  9.  The  sediments 
between  files  0120  and  0240  consist  primarily  of  organic  silts  and  clays  as 
described  in  Core  DRV-12  and  cores  DSP-1,  DSP-2,  DSP-3,  and  DSP-4.  At 
file  0240  the  sediment  environment  becomes  fine  to  medium  sand.  Figure  29 
shows  the  seismic  data  as  it  progresses  out  of  organic  sediments  into  primarily 
fine  to  medium  sands.  Core  DSP-5  shows  sand  and  gravel,  correlating  with 
acoustic  cores  AC-SC06-40/0,  -41/2,  and  -42/0.  The  sediment  structure 
remains  similar  progressing  upriver  with  sediment  densities  increasing  to 
greater  than  2.2  g/cc  near  file  0413.  Cores  DFP-43  through  DFP-45  and 
DSP-5  are  representative  of  the  sediments  insonified  along  the  Bulkhead 
Range  and  describe  coarse  sands  and  gravels  with  occasional  cobble  sizes 
through  file  0650  (Plate  10). 


Deepwater  Point  Range 

The  Deepwater  Point  Range,  files  SC060590-1015  in  Plate  10,  consists  of 
primarily  organic  clays  and  silts  along  the  survey  line.  The  data  show  an 
acoustically  impenetrable  and  highly  reflective  sediment  horizon  indicative  of 
the  response  common  to  gassy,  organic  sediments.  All  cores  from  this  area 
(refer  to  Plate  10  and  Appendix  B)  describe  organic  silty  clays. 


Cherry  Island  and  Bellevue  Ranges 

As  with  the  Deepwater  Point  Range,  much  of  the  acoustic  data  for  the 
Cherry  Island  and  Bellevue  Ranges  is  characterized  by  high  surface  reflec¬ 
tivity  values  associated  with  limited  acoustic  penetration  as  shown  in  Plate  1 1 . 
However,  the  core  data  available  for  this  region  of  the  main  channel  vary 
from  organic  silts  and  clays  (DRV-10,  DSP-9,  435,  and  436)  to  stiff  clays 
with  cobbles  (431)  to  sandy  gravels  and  cobbles  (437,  438).  Two  sections  are 
presented  in  this  area  as  not  organic:  files  1110-1240  and  1510-1610  in 
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Figure  29.  3.5-kHz  seismic  profile  data  along  New  Castle  and  Bulkhead  Bar  Ranges;  digital  files  SC060233-SC060264 


Plate  1 1 .  The  former  area  has  high  reflectivity  variability  in  both  the  bottom 
and  subbottom  data  with  surface  densities  varying  between  1.4  and  2.2  g/cc. 
The  subbottom  is  characterized  as  firm  silt  and  sand  mixtures  with  quantities 
of  organics.  The  latter  section,  near  the  end  of  the  Bellevue  Range,  seems  to 
consist  of  sandy  gravels  and  cobbles  with  densities  typically  greater  than 
2.2  g/cc.  Highly  competent  surfaces  are  shown  in  this  area,  possibly  rock, 
but  as  shown  by  core  438,  could  be  sandy  gravel  with  cobbles  and  boulders. 


Marcus  Hook,  Chester,  and  Eddystone  Ranges 

Plate  12  presents  the  sediment  profiles  for  the  Marcus  Hook  through  Eddy- 
stone  Ranges.  The  sediments  are  primarily  coarse  sands  and  gravels  except 
for  an  area  of  organic  silts  (refer  to  core  282)  between  files  1780  and  1860. 
Several  rock  pinnacles  and  buried  rock  surfaces  were  detected  as  shown  by 
Figure  30  and  noted  in  Plate  12.  Rock  (weathered  schist)  was  detected  in 
cores  DRV-7,  DRV-5,  and  DRV-4  at  approximately  el  -49. 

A  review  of  older  epoch  cores  outside  the  main  channel  beginning  with  the 
Cherry  Island  Range  and  extending  through  Eddystone  revealed  that  along  the 
eastern  side  of  the  center  line  primarily  organic  sediments  (silts  and  clays) 
were  present  and  on  the  western  side  mostly  sands,  gravels,  and  rocks.  This 
correlates  with  geologic  conditions  reported  by  Weil  (1977)  that  the  navigation 
channel  parallels  to  the  fall  line  with  early  Paleozoic  metamorphic  rocks  on 
the  west  and  unconsolidated  Coastal  Plain  sediments  on  the  east.  Due  to  the 
highly  reflective  nature  of  all  these  sediment  structures,  it  is  very  difficult  to 
absolutely  determine  the  sediment  types  using  strictly  impedance 
computations. 


Tinicum,  Billingsport,  and  Mifflin  Ranges 

The  southern  half  of  the  Tinicum  Range  between  files  2040  and  2140  has 
areas  of  3-  to  4-ft  sandwaves  along  the  channel  bottom  (Plate  13).  A  possible 
rock  surface  is  detected  about  el  -50  in  this  area.  This  possible  rock  surface  is 
detected  through  the  Mifflin  Range  ending  at  about  file  2420.  Acoustically 
derived  density  values  are  possibly  low  here  due  to  directivity  problems 
related  to  the  sandwaves.  Core  DRV-3  near  file  2130  contains  primarily 
gravels.  Acoustic  densities  exceed  2.2  g/cc. 

Except  for  a  section  of  organic  sediments  between  files  2270  and  2340,  the 
Billingsport  and  Mifflin  Ranges  consist  of  fine  to  medium  sands  with  densities 
between  1.8  and  2.2  g/cc.  As  shown  in  Plate  13,  areas  of  soft  surface  sedi¬ 
ments  exist,  especially  between  files  2340  and  2410  where  the  acoustic  data 
are  characterized  by  discontinuous  reflectors,  indicative  of  a  heterogeneous 
sediment  distribution  and  numerous  pockets  of  soft  sediment. 
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Horseshoe  and  Fisher  Point  Ranges 

As  shown  in  Plate  14,  a  more  complex  geologic  environment  exists 
through  the  Horseshoe  and  Fisher  Point  Ranges.  Two  paleochannels  filled 
with  silts,  clays,  and  fine  sands  overlay  a  coarse  sand  and  gravel  horizon 
detected  as  deep  as  el  -80.  This  layer  is  at  the  channel  bottom  surface  at  files 
2440  and  2480.  Numerous  subbottom  reflectors  are  shown  in  the  fill 
sediments  of  the  paleochannels.  These  are  described  as  discontinuous  with 
low  reflectivity  characteristics  indicative  of  only  subtle  changes  in  sediment 
structure.  This  sediment  environment  continues  upriver  in  the  Fisher  Range 
to  file  2580  as  shown  in  Plate  15.  A  mostly  silt-sand  sediment  environment 
exists  through  file  2650  where  another  highly  reflective  and  acoustically 
impenetrable  surface  material  typical  of  organic  sediments  is  encountered  and 
continued  to  file  2690  in  Plate  16.  At  this  point  to  the  end  of  survey  at  the 
Ben  Franklin  Bridge  the  sediments  are  characterized  as  medium  sands  with 
densities  between  2.0  and  2.2  g/cc.  Significant  sandwaves  are  seen  along  the 
channel  bottom,  limiting  acoustic  analysis.  There  is  limited  acoustic 
penetration  through  this  reach. 
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7  Summary 


Comprehensive  analysis  of  800-  and  3500-Hz  seismic  reflection  data  in 
conjunction  with  vibracore  sampling  data  collected  along  the  Delaware  Main 
Shipping  Channel,  Delaware,  has  been  accomplished.  The  seismic  data  were 
correlated  with  the  laboratory  analysis  of  the  sample  data  through  acoustic 
impedance  analysis.  Results  are  in  the  form  of  sediment  profiles  (Plates  2-16) 
presenting  the  major  reflection  faces  with  descriptions  of  the  engineering 
properties  of  the  insonified  sediments,  i.e,,  wet  density,  mean  grain  size,  and 
associated  soil  types,  and  acoustically  derived  density  versus  depth  plots 
herein  referred  to  as  Acoustic  Cores  (Appendix  B).  The  study  objective  to 
quantify  the  bottom  and  subbottom  sediments  in  terms  of  density  and  soil  type 
below  the  existing  ship  channel  center  line  for  the  purpose  of  assessing  their 
removal  through  dredging  was  met. 


Geoacoustic  Modelling 

Geoacoustic  relationships 

The  Delaware  River  Main  Channel  sediment  characterization  developed  to 
relate  density,  mean  grain  size,  and  soil  type  is  provided  in  Table  3 
delineating  the  predominantly  clay,  silt,  and  sand  sediment  types.  No 
laboratory  measurements  of  density  were  available  for  any  of  the  cores  used 
for  this  study.  Therefore,  the  geoacoustic  model  relating  impedance  to  density 
was  taken  from  previously  established  databases.  It  has  been  shown  that  with 
data  of  high  S/N  and  for  naturally  occurring  sediments,  density  estimates 
based  on  acoustic  impedance  can  be  estimated  within  ±10  percent.  Had 
density  measurements  been  available,  the  accuracy  of  the  results  could  have 
been  improved  to  within  about  ±5  percent.  However,  the  ±10  percent 
should  be  sufficient  to  meet  the  study  objectives.  Impedance  versus  grain  size 
is  modelled  according  to  the  geoacoustic  relationship  developed  for  an  AI 
study  off  the  Delaware  Coast.  This  is  due  to  the  lack  of  comprehensive  grain 
size  analysis  (i.e.,  no  grain  size  measurement  of  fines  below  No.  200  seive) 
from  the  previously  acquired  cores  used  for  this  study. 
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Nonstandard  marine  sediments 


The  AI  model  used  to  predict  sediment  density  is  based  on  natural  marine 
sediments.  Acoustically  derived  densities  above  2.4  g/cc  are  extrapolations 
from  empirical  data  derived  from  mainly  marine  sediment  environments. 
Without  core  confirmation,  wet  density  estimates  based  on  acoustic  impedance 
values  above  4,500  10^  g/cm^  sec  are  unverified.  Rock  typically  has 
impedance  values  greater  than  4,500  10^  g/cm^  sec.  More  physical  sediment 
data  are  required  to  absolutely  verify  insonified  areas  of  the  main  channel 
where  materials  such  as  rock  and  organic-rich  silts  and  clays  are  present. 


Organic  sediments 

Using  algorithms  for  natural  marine  sediments  containing  gasses,  such  as 
organics,  can  lead  to  overestimation  of  impedance  values.  The  presence  of 
organics  in  many  areas  along  the  main  channel  created  considerable  dif¬ 
ficulties  in  properly  characterizing  the  sediments  in  these  areas.  Further 
verification  through  physical  sampling  would  be  beneficial.  All  areas 
suspected  of  possessing  organics  are  identified  on  the  sediment  profiles.  Most 
of  the  organic-rich  sediments  in  the  main  channel  have  been  identified  through 
sampling  as  unconsolidated  silts  and  clays. 


Sediment  Characterization 

Brandywine  through  Cross  Ledge  Ranges 

These  ranges  (Plates  2-4)  basically  encompass  the  Delaware  Bay  portion  of 
the  main  channel.  The  sediments  along  these  ranges  consist  primarily  of  fine 
to  coarse  sands  with  much  of  the  bottom  topography  consisting  of  sandwaves. 
Several  paleochannels  and  a  major  paleovalley  were  detected  in  the  Brandy¬ 
wine  and  Miah  Maull  Ranges  with  fill  sediments  described  as  silty  and  clayey 
sands.  The  sediments  through  the  Cross  Ledge  Range  were  consistently  more 
competent  with  computed  densities  between  1.8  and  2.4  g/cc. 


Liston  through  Deepwater  Point  Range 

The  Liston  range  (Plates  5-7)  encompasses  the  transition  from  the 
Delaware  Bay  to  the  Delaware  River  proper.  Frequent  changes  in  sediment 
type  are  noted  proceeding  upriver.  Many  of  the  sediment  units  exhibit 
characteristics  of  lateral  discontinuity  and  reflection  amplitude  variability. 
Sands,  silts,  and  clays  are  present.  In  many  areas  little  or  no  acoustic 
penetration  was  achieved.  Most  of  the  impenetrable  areas  are  organic-rich 
silts  and  clays  and  continue  through  the  Deepwater  Point  Range  (refer  to 
Plates  8-10). 
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Cherry  Island  through  Eddystone  Range 

These  ranges,  presented  in  Plates  11  and  12,  parallel  much  of  the  Fall  Line 
of  early  Paleozoic  metamorphic  rock  where  it  meets  basically  unconsolidated 
Coastal  Plain  sediments  to  the  east.  Consequently,  the  sediment  descriptions 
through  these  ranges  are  highly  variable  from  organic  silts  and  clays  to  stiff 
clays  with  cobbles  as  well  as  sandy  gravels,  cobbles,  and  rocks.  Several  areas 
within  these  reaches  are  identified  as  possibly  rock.  In  general,  based  mainly 
on  core  data,  organic-rich  unconsolidated  sediments  are  located  on  the  eastern 
side  of  the  channel  center  line  and  sands,  gravels,  and  rocks  on  the  western 
side. 


Tinicum  through  Fisher  Point  Range 

A  possible  rock  surface  was  detected  at  about  el  -50  from  the  Tinicum 
through  the  Mifflin  Range  (Plates  13  and  14)  underlying  primarily  fine  to 
medium  sands.  Numerous  pockets  of  soft  sediments  (silts  and  clays)  were 
detected  along  the  chaimel  bottom.  The  Horseshoe  and  Fisher  Point  Ranges 
present  a  fairly  complex  geologic  environment  with  sand/silt/clay-filled  paleo- 
channels  overlying  coarse  sands  and  gravels.  Except  for  a  short  segment  of 
possible  organic  sediments  in  these  ranges,  the  sediments  through  the  end  of 
survey  at  the  Ben  Franklin  Bridge  are  characterized  as  mainly  medium  sands. 
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Appendix  A 

Delaware  Main  Channel 
Sediment  Data 


This  appendix  presents  the  physical  sample  data  used  during  analysis  of  the 
geoacoustic  data  from  the  Delaware  Main  Channel.  The  data  include  the 
drilling  logs  and  sediment  gradation  analysis  where  available.  Table  A1  lists 
all  cores  and  their  respective  locations  and  dates  retrieved.  The  core  data  are 
ordered  in  this  appendix  according  to  Table  Al. 
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Table  A1 

Geoacoustic  Study  Core  Locations 

Location 

Core  Name 

Easting 

Northing 

Station 

Date  Collected 

DRV-1 

724698 

685339 

50-1-266  /  336'  S  of  CL 

7/25/91 

DRV-2 

711610 

679945 

65-1-000  /  854'  N  of  CL 

7/25/91 

DRV-3 

691593 

673346 

86-(-680/40' Nof  CL 

7/26/91 

DRV-4 

668788 

666020 

1  in- 830 /ON  CL 

7/26/91 

DRV-5 

663348 

662042 

118-t557  /ON  CL 

7/27/91 

DRV-6 

657422 

658240 

125-1-623  /  ON  CL 

7/19/91 

DRV-7 

646335 

651122 

138-K797/0N  CL 

7/27/91 

DRV-8 

639336 

642260 

150  +  210  /  359'  E  of  CL 

7/27/91 

DRV-9 

632570 

632025 

162  +  638  /  120'  W  of  CL 

7/19/91 

DRV-1 0 

629870 

622669 

172  +  363  /  ON  CL 

7/28/91 

DRV-1 1 

619694 

602545 

195  +  448 /ON  CL 

7/28/91 

DRV-1 2 

618719 

571387 

232  +  018 /ON  CL 

7/28/91 

DRV-1 3 

615096 

535014 

265  +  712  /  86'  E  of  CL 

7/19/91 

DRV-1 4 

652333 

490616 

326  +  356/ 666' E  of  CL 

7/29/91 

DRV-1 5 

668932 

470366 

355+000  /  287'  W  of  CL 

7/29/91 

DRV-1 6 

679775 

455794 

373  +  062  /  1959'  W  of  CL 

7/19/91 

DRV-1 7 

690876 

443441 

390  +  000  /  233'  W  of  CL 

7/19/91 

DRV-1 8 

705861 

428534 

411+020  /  6200'  E  of  CL 

7/18/91 

DRV-1 9 

705882 

417615 

418  +  792  /  527'  E  of  CL 

7/18/91 

DRV-20 

712588 

407641 

426  +  679  /  190'  W  of  CL 

7/18/91 

DRV-2 1 

717559 

401405 

437  +  692  /  189'  W  of  CL 

7/18/91 

DRV-22 

722198 

394780 

445  +  900/  1 00'  W  of  CL 

7/18/91 

DRV-23 

726670 

383605 

457  +  500/  115'  W  of  CL 

7/17/91 

DRV-24 

730608 

374423 

467  +  011  /  128'  W  of  CL 

7/17/91 

DRV-25 

734713 

365347 

476  +  524/  142'  W  of  CL 

7/17/91 

DRV-26 

742668 

346964 

500  +  000  /  309'  E  of  CL 

7/16/91 

DRV-27 

746062 

337592 

509  +  532  /  188'  W  of  CL 

6/14/91 

DRV-28 

752679 

329679 

520  +  000  /  2700'  E  of  CL 

7/15/91 

DRV-29 

756852 

314942 

535+000  /  760'  E  of  CL 

6/14/91 

463 

N/A 

N/A 

243  +  640  /  790'  W  of  CL 

1/16/63 

(Continued) 

A2 
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Table  A1  (Concluded) 


Location 

——— .1.111.  — J 

Core  Name 

Easting 

Northing 

Station 

Date  Collected 

461 

N/A 

N/A  ■ 

241+680/640' W  of  CL 

1/22/63 

459 

N/A 

N/A 

239  +  700  /  700'  W  of  CL 

1/17/63 

DSP-1 

N/A 

N/A 

233  +  680/480'  W  of  CL 

3/22/65 

DSP-2 

N/A 

N/A 

231+900/530' W  of  CL 

3/22/65 

DSP-3 

N/A 

N/A 

229  +  840/460'  W  of  CL 

3/22/65 

DSP-4 

N/A 

N/A 

228  +  960/520' W  of  CL 

3/23/65 

DSP-5 

N/A 

N/A 

219  +  800/610'  W  of  CL 

3-23-65 

DFP-44 

N/A 

N/A 

219  +  000/200' W  of  CL 

12/13/86 

DFP-45 

N/A 

N/A 

219  +  000/200'  E  of  CL 

12/13/86 

DFP-43 

N/A 

N/A 

217  +  000/200' W  of  CL 

12/13/86 

DFP-36 

N/A 

N/A 

212  +  000/400' E  of  CL 

12/13/86 

DFP-35 

N/A 

N/A 

210  +  500/400' E  of  CL 

12/11/86 

DFP-32 

N/A 

N/A 

209  +  000/450' E  of  CL 

12/10/86 

DFP-31 

N/A 

N/A 

205  +  000/200'  E  of  CL 

12/9/86 

DFP-26 

N/A 

N/A 

200  +  000/200'  E  of  CL 

12/6/86 

DSP-7 

N/A 

N/A 

197  +  480  /  500'  W  of  CL 

3/24/65 

DFP-25 

N/A 

N/A 

195  +  000/200'  E  of  CL 

12/6/86 

DFP-24 

N/A 

N/A 

190  +  000/200'  E  of  CL 

12/6/86 

DSP-9 

N/A 

N/A 

172  +  030/270' W  of  CL 

3/29/65 

431 

N/A 

N/A 

159  +  700/240' W  of  CL 

1/17/62 

435 

N/A 

N/A 

151 +920/ 455' E  of  CL 

1/19/62 

437 

N/A 

N/A 

149  +  950  /  450'  W  of  CL 

1/19/62 

436 

N/A 

N/A 

150  +  000/450' E  of  CL 

1/19/62 

438 

N/A 

N/A 

146  +  000/450' W  of  CL 

1/22/62 

DRP-12 

N/A 

N/A 

130  +  930/  165' E  of  CL 

6/9/65 

282 

N/A 

N/A 

119  +  420 /ON  CL 

9/6/61 

DSP-16 

N/A 

N/A 

76  +  210/500' W  of  CL 

4/1/65 

DSP-17 

N/A 

N/A 

68  +  880/ 290' E  of  CL 

4/2/65 

DSP-19 

N/A 

N/A 

50  +  230  /  310'  W  of  CL 

4/2/65 

DSP-20 

N/A 

N/A 

41+890  /  290’  E  of  CL 

4/3/65 
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GRADATION  CURVES 
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EAPPlo  0  -  5ft^ - - - 


E«M)lt  7.1-10  ft. 


E*iN»lt  11.»  -  15.0  ft. 


Coono  tend 

Groy  flnt  to  aodiui  , 
-....oondy  frovol  •  - 


Xo^lo  11.G  -  9.5  f,. 


SottoM  of  roeovory 


Dolowro  llvn-  CoMprMnnoiw  study 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


U.  S.  STAMOARO  Sieve  NUMBERS 


A26 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


1  • 

K  >■ 
O  < 

k  2 


o 

z 

lU 


A28 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


U.  S.  STANDANO  SIM  OPtHMC  M  IMCHtS  U.  S.  STANOAND  SIEVE  NUMBEMS 


GRADATION  CURVES 


SHCeT 

or 


1 

1 


SHEETS 


A30 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A31 


GRADATION  CURVES 


MOJCCT 

tivtr  Cfpriluntlvt  Stutfv 


2.  LOCATION  (CoordfrwtM  or  Ititlon) 
45'  47.83*  75®  28*  34.e2- 


3.  ORILLIMC  ACEHa 

lueharf  Horn,  Inc. 


4.  HOLE  NO.  (At  thotf)  on  drtiiino  tltU 
and  fUt  ruitwr) 


5.  NAME  OF  MILLEI  OctM  Survay*  Ik. 


tNSTALUTION 


10.  SIZE  AW  TYPE  OF  flT  Vibracort 


11.  DATUM  FOR  ELEVATION  SNOUI  (TW  or  M$l) 


12.  HANUFACTUREI'S  DESIGNATION  OF  DRILL 
NA 


SHEET 

1 

OF 

1 

SHEETS 

IS.  TOTAL  HO.  OF  OVER* 
KJROEH  SAMPLES  TAKEN 


14.  TOTAL  HUMBER  CORE  BOXES 


IS.  ELEVATION  GROUND  UATER 


6.  DIRECTION  OF  HOLE 

yUIl£&L  INttIHED _ 


7.  THICKNESS  OF  OVERBURDEN  HA 


8.  DEPTH  DRILLED  INTO  ROCK  HA 


9.  TOTAL  DEPTH  OF  HaE  20  ft 


ELEVATION  |  DEPTH 


16.  DATE  HOLE 

t  STARTED 

!  07/27/91 

COMPLETED 

07/27/91 


DEG.  FROM  «RT. 


17.  ELEVATION  TOP  Of  HOLE 

*48.2  ft.  HCW 

18.  TOTAL  CORE  RECOVERT  FOR  BORING  19  ft. 

19.  SIGNATURE  OF  INSPECTOR 


CLASSIFICATION  OF  MATERIALS 
(Otaerlption) 


Gray  ailty  clay 


F(na  aand  (anaaa  at  8  ft. 

SC- 


C.L_ 


•  to  fin.  Mndy  .t  IS.*  ft 

Ga(-6C 


•EMMKS 

(Drftifnt  tiw,  Mtor  to«o,  depth  of 
wotlwring,  otc..  If  tignificwit 

« 


Sana  ItnoM  in  tenplt 


ia'roL;.'?n'U(. 


ta^io  10  •  15  ft. 


isti: 


■otto,  of  rocewry 


Dtlotior.  «lv.r  Coaprthonaiv.  Otudir 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


.  STANOMO  SItVC  OHNMG  in  INCHIS  u.  S.  STANOANO  SIEVE  NUMBCHS 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


A34 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES  L.!. 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A35 


ENG  .:„“3  2087 


DIIUIMC  lOG 


PIOJECT 

D«lMMr«  Rlv*r  Conpr«h«ntfvt  Stutf^ 


2.  LOCATION  (CoordlnttM  or  Station) 
39^  U'  6.62  75®  30'  3.3*« 


3.  DKILLIK  AGENCY 

•ucharfHorn,  Inc. 


i,  NOLE  NO.  (Ai  ahOMn  on  drawing  titit 
and  fila  nuNsar) 


5.  NAME  or  DRILLER  Octan  Survay,  Ine. 


IHSTALUTIOM 


10«  SIZE  AND  TYPE  Of  DIT  Vibracora 


11.  DATUM  rOR  ELEVATION  SHOUN  (TM  or  MSL) 

12.  MANUfACTURER'S  DESIGNATION  Of  DRILL 

NA  ■ 

13.  TOTAL  NO.  OF  OVER-  :  DISTURKD 
lUROEN  SAMPLES  TAKEN 

U.  TOTAL  MJHSER  CORE  lOXES  NA 


15.  ELEVATION  GROUND  MATER  HA 

16.  DATE  NOLE 


SHEET 

1 

OF 

1 

SHEETS 

6.  BIUCTION  or  MCE 

WfTICAL  UCCINEO 

_  DEG.  FROM  VERT. 

7.  TNICniESS  or  oveuuroeii  iu 

• 

STARTED 

07/19/91 


COMPLETED 

07/19/91 


17.  ELEVATION  TOP  Of  MXE 


6.  DEPTH  DRILLED  INTO  ROCK  HA 


9.  TOTAL  DEPTH  OF  HOLE  20  ft. 


ELEVATION  I  DEPTH 


-69.9  ft.  NGVD 


18.  TOTAL  CORE  RECOVERY  FOR  SORING  20  ft. 


19.  SIGNATURE  OF  INSPECTOR 


CLASSIFiaTtOH  Of  MATERIALS 
(Daacrlptlon) 


Gray  silty  clay,  sand  lanaas 


Coarsa  sand  layar 


X  CORE  lOK  OR 
RECOV-  SAMPLE 
ERY  NO. 


REMARKS 

(Drilling  tiM,  Mtar  lots,  depth  of 
weathering,  ate.,  If  significant 

8 


SM^la  0  -  5  ft. 


Saspla  5.S  -  11  ft. 


SM-  “SC 


(«pl*  1Z.3  •  16  ft. 


16.6  RottOH  of  recovery 


Dalawara  River  Coaprahanalve  Studir 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A37 


GRADATION  CURVES 


U.  S.  STANDAIIO  SICVt  OHNINC  M  WCHCS 


A38 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A39 


GRADATION  CURVES 


U.  &  SIANOMO  SIEVE  OHNMC  M  IMCHES 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A41 


GRADATION  CURVES 


ixsOM  Aa  aisavoD  uijonid 


3  • 

K  >■ 
O  < 
k.  Z 


o 

z 

LU 


A42 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


DtlwMr*  ttvtr  CaapratMralw  Stu^ 


LOCATION  TCoordinatn  er  ttitlon) 
39'  15.12-  TS®  32>  *7.60- 


3.  DtILLING  ACEKCT 

luclitrt-Hom,  Inc. 


A.  HOLE  NO.  (Ac  thowi  on  drwIng  title 
'  and  file  njter) 


5.  NAME  OF  NILUl  Ocun  Eurvey,  Inc. 


6.  DIIECTIOH  OF  NOIE 

VtATICAL  INCLINED 


7.  TNICKNESS  OF  OWEMUNOEN  NA 


8.  DEFTN  DNILLEO  INTO  lOa  NA 


9.  TOTAL  DEFTN  OF  NOIE  20  ' 


DEC.  FMM  VB(T. 


■  ',C 


11.  DATUM  FO*  ELEVATION  (NOUN  (TIM  or  MSI) 


12.  NANUFACTUNEE'I  DESIONATIOM  OF  DNIIL 


13.  TOTAL  NO.  OF  OVEN- 
'  KMEN  tAMFLES  TAKEN 


DISTUNIED  :  UNOISTUNIEO 
NA  ! 


|U.  TOTAL  NUtKI  COflE  KKEI 


115.  ELEVATION  CACUNO  UATEN 


18.  DATE  HOLE 


17.  ELEVATION  TOF  OF  DOLE 


;  ITANTEO 
I  07/28/91 


•87.2  ft.  NOW 


COMPLETED 


07/28/91 


1 18.  TOTAL  CONE  IfCDVENT  FON  lONIlK  19  ft. 
'19.  tIGNATUNE  OF  INSFECTON 


CLAStlFICATION  OF  NATEtlAlS 
(DMCrIptlon) 


Crty  cltyty  tUty  und 

C^A  ■  %C 


land  lanaaa  at  9.3  ft.  (.01) 


ll#it  color  f  jTQli  *  Zi*  Olp 


RENAMCS 

(OrfUIno  tiM,  water  (oat,  depth  of 
wtathtringp  ate.p  if  aignificant 

• 


Sawpla  0  >  S  ft. 


tai^a  5  •  10  ft. 


%mpi9  10  •  15  ft. 


SMplt  15  -  19  ft. 


19  ft.  lottea  of  recovery 


Delaware  River  Coaprahcnalve  Study 


'*>^I.S9li 


AppeneJix  A  Delaware  Main  Channel  SeeJiment  Data 


U.  S.  STANDARD  sieve  NUMBERS  HYDROMCTCR 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A45 


GRADATION  CURVES 


0.  S  STANDMO  SIEVE  NUMBERS 


A46 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


U.  S.  SIANOARO  SIEVE  NUMBCHS 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A47 


GRADATION  CURVES 


A48 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


A50 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


US.  SIAMOMtO  Sieve  NUHBeRS 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


V 


A51 


GRADATION  CURVES 


U.  S.  SIAMOARO  Sim  OPtNMC  M  INCHCS 


A53 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


DRILLIiG  LOG 


DIVISION 


INSTALUTION 


SKCET 

OF 


SHEETS 


3.  OftIUlKC  AGENCT 


!4.  HOLE  HO.  (At  shown  on  drswing  title 
end  file  ruiter) 


FAOJECT 

Oelewert  liver  Conprehenelve  Study 


10.  SIZE  AMO  TTPE  Of  SIT 


Vibreeore 


LOCATION  (Coordfnetee  or  Station) 
39®^28»  7.65*  75®  33'  U.9S" 


luchart'Hom,  Inc. 


0IV*13 


11.  DATUM  fOI  ELEVATION  SHOUN  (TIN  Or  NSL) 

12.  HANUFACTUIEI'S  DESIGNATION  Of  DULL 

NA 

13.  TOTAL  NO.  OF  Wit* 
WIDEN  SAMPLES  TAKEN 

:  DiSTmiED 

UNOISTMIED 

14.  TOTAL  NLMEI  COIE  KKES 

NA 

IS.  [LEVATION  MCUNO  lUTE* 

HA 

16.  DATE  HOLE 

;  STAITED 

07/19/91  ; 

COMPLETED 

07/19/91 

17.  ELEVATION  TOP  OF  NOU 

'50.7  ft.  bGVD 

ia.  TOTAL  COIE  lECOVEir  FOI  DOIIHG  20  ft. 

5.  NAME  OF  DIILLEA  Ocem  Survey,  Ine. 


6.  OIEECTION  or  HOLE 

VEITICAL  IHaiNED_ 

DEG.  FIOM  VEIT. 

7.  THICKHESS  or  OVEIKUEH 

NA 

S.  DEPTH  DHILLEO  INTO  tOOC 

HA 

9.  TOTAL  DEPTH  OT  HOLE 

20  ft. 

19.  SIGHATUIE  Of  IHSPECTOI 


ELEVATION 


DEPTH 

b 


LEGCie 

e 


CUSSIftCATlON  Of  NATEIIALS 
(Description) 


X  CONE 

lECOV* 

EIT 


80X  01 

SAMPLE 

NO. 

f 


lOlAIKS 

(Dritting  t<M,  Mttr  lott,  depth  of 
Mithwing,  .te..  If  •ignificant 
g 


1  — 

2  — 

3  — 

4  — 

5  — 

«  — 

7 

t  — 


11- 

12—  i 
,5^1 

13- 


17- 


Grey  clay  to  silt  clay,  sand 
faces  TntemJttantJy 

to  sir  •* 


pto  0  -  S  ft. 


■' I' 


Orgonlet  bit. 


nSIrTSotto 


SP 


tine  frevel 


Gravel 

:  M  -  C 


'isid'iTS'Udfs:";;  n. 

Gravel 


fine 

ine 


Saaple  5-9  1/4  ft. 


S«^le  9  1/4  •  10  ft. 
Saaple  10  •  12.4  ft. 


Saaple  12.4  •  15  ft. 


Sanple  17.1  •  20  ft. 
No  Gtevel  in  sanple 


Delaware  liver  Conprchenolve  Study 


■LE  NO. 
DRV‘l3 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


1M9<3M  ta  H3SIIV03 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A55 


GRADATION  CURVES 


GRAIN  Size  IN  MILLIMETERS 


o 


GRADATION  CURV 


MCHCS  U.&  SIAMDAMO  SIEVE  NUHHCNS  HYOMOUCTER 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A57 


GRADATION  CURVES 


GRADATION  CURVES 


lU 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A59 


MAV 


DIVIIIQM 


IMSTALUriOl 


1.  nOJECT 


DtlMMr*  livtr  CoBpfi>nnt<vt  Stu^ 


2.  LOG^nCM  (CoordlfMtM  or  Station) 
39*^  20*  49.15-  75®  25'  50.09- 


3.  OtILLINC  A6EHa 

•uchart*Kom,  Inc. 


4.  MOLE  NO.  (At  thoan  on  drawing  titla 
and  fila  nuAar) 


5.  NAME  or  DRILUl  Ocaan  turvay,  Inc. 


6.  OltECTION  or  HOLE 

glllC^k  IHClIMED _ DEG.  riOM  VEIT. 


7.  TNicncss  or  ovemuroem  ra 


a.  OERTN  DRILLED  INTO  ROCK  NA 


9.  TOTAL  DERTM  OT  NOU  20  ft. 


ELEVATION  OERTN  LEGEND  CLASSinCATlON  Of  MATERIALS 
(Oaacription) 


rira  cin.  K.tt.r.d  tlNlU 


10.  SIZE  AND  TTK  or  IIT  VlbTKOr. 


11.  OATIM  rot  ELEVATION  SHOUI  (TM  Or  NIL) 

I 

112.  WUAJFACTUIEI'I  OESIGNATION  Of  OAIIL 
I  ** 

111.  TOTAL  NO.  OF  OVEN-  ;  OISTUIIEO 
,  lUEOEN  (AMFLES  TAKEN 

[U.  TOTAL  NUNUI  CONE  MKES  NA 


[».  ELEVATION  CAOUM)  UATEI  NA 
116.  OATE  NOLE 


1 17.  ELEVATION  TON  OF  HOLE 


STAATED 

07/29/91 


■62.7  ft.  NOVO 


UNOISTONAEO 


COMPLETED 

07/29/91 


jla.  TOTAL  CONE  AECOVEAT  FON  lOAINt 


-j19.  tlGNATUAE  OF  INSPECTO* 


AENAAES 

(Drilling  tlM,  iMttr  loM,  depth  of 
witiMfino,  ite.,  if  .ignificent 

0 


t«Npl.  0  -  5  ft. 


Sedpl.  7.6  •  10  ft. 


SaeN>l.  12.2  -  11.0  ft. 


{91.  15  •  20  (t.  , 
Sere  ImsM  In  lei^ilc 


19.7  to  19.0  fine  Hnd  pockets 


PAOJECT 

Oelenare  Aiv.r  CoevirclMn.ive  Stud/ 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


U.  &  SIANOARO  aivi  OPENMC  IN  WICHCS 


0  < 
K.  3 


o 

X 

lU 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A61 


GRADATION  CURVES 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A63 


ENG  ,  2087 


GRADATION  CURVES 


A66 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


A68 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


U.  S.  SrANOARO  SItVl  OPCNMG  IN  INCHtS 


A69 


GRADATION  CURVES 


MIlLIWi  LOC 


DIVIIION 


IMTAIUTIOM 


PMJECT 

DtiMMrt  llvM-  Conpntwndv*  Itudv 


3»  15'  5*  75°20'1.19« 


3.  OdlllHC  AGEIICT 
_  •oeh«rt-»om,  Inc. 


«"  drcwins  title 

•nd  flit  ruibtr) 


S.  NAME  OF  DklLLEI  Octen  $urv»r,  Inc. 


&.  OUECTION  OF  IKXE 

KSSUak  IKIIIIEO  DEC.  FMM  »EtT, 


7.  TNICXHEM  OF  OVEIIUROEE  lU 


a.  DEFTM  MIILEB  IKTO  (OCX  M 


9.  TOTAt  DEFT«  Of  NOIE  20  ft. 


ELEVATIM  OEFTO  lEOEND  CUSOIFICATlOa  OF  MATEtlALS 

(OMCrIption) 


10.  II2E  AND  TYPE  Of  IIT  Vibrceort 


11.  DAIIM  fOt  ElEVATION  ENOUN  (TM  or  NSl) 

12.  NANUFACMEE't  DESIGNATION  OF  DIILl 

■ _  NA 

13.  TOTAL  NO.  OF  OVEI* 

MMOEN  SANPIES  TAXES 


K.  TOTAL  ISJMSEB  CONE  lOXES  NA 


IS.  ELEVATION  aiOUNO  UATEE  NA 

14.  DATE  NOLE  :  STAATED 

s  07/19/91 


COMPLETED 

07/19/91 


|17.  nEVATICH  TOP  OF  HOLE 
_  -3S.S  ft.  NGVD 


jli.  TOTAL  CONE  OECOSKT  FON  OONINO  19  ft. _ 

19.  StCNATUNE  OF  INSPECTON 


X  CONE  SOX  00  OENAOKS 

•fj**  **jJS*-*  coring  tiNP,  wter  Iocs,  depth  of 

EOT  NO.  eestherino,  etc.,  if  sionifleent 


0  •  s  ft. 

strfl  Itmtt  In  ti 


•nttt  In  tMplM 


t|^  et  S.3,  4.0,  7.05,  a.O  to  j 


ti«p(e  5  •  10  ft. 


Sj^d^ehelt  leper  et  11.4  to 


Send/  ellt  12.2 


e  10  -  IS  ft. 


Send/  ellt  17.0S  to  17.3 


ottoB  of  recover 


seii^e  IS  -  19  ft. 


Deleuere  Oiver  Ccefirehcfwiye  stud/ 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


.  SIANOARO  SIIVE  OPtNING  IN  INCHES  0.  S  SIANDMD  SIEVE  NUMBEKS 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A71 


GRADATION  CURVES 


gradation  curves 


O.  Si.  SIANOAMU  SltVl  (NtNIMC  IN  INUllS 


A73 


GRADATION  CURVES  1... 


STANOADO  SItVt  OHNING  IN  INCHrs 


A74 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


U.  S.  STANDARO  SIEVt  OPtNING  IN  INCHIS  U.  S.  SIANOANO  SltV£  NUMBERS 


1HOI3M  AR  B3Silv03  1N33II3R 


A76 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


U.  S.  SIANOANO  SliV£  OHNING  IN  0.  s.  sianOANU  SIEVC  NUMIi£HS 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A77 


GRADATION  CURVES 


u.  S.  SIANIMNO  S(fV£  OKNIMG  IN  INCHES 


A78 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


U.  S.  STAMOAHO  Sitvt  OfYNMC  IN  INCHtS 


DlVItlO* 


USTAIUTIOM 


tWET 

Of 


1 

I 


SHEETS 


10.  SIZE  urn  TTK  or  SIT 


DtiMMr*  livw  Coi^tlnnslv*  Study 


2.  LOCATION  (CoordinatM  or  Station) 
10'  15.08*  75°  16*  0.16* 


1.  DtllLINC  ACEHCr 

•uchart-Hom,  Inc. 


A,  HOLE  NO.  (Ac  thowi  on  drauing  title 
and  flic  rtabar) 


5.  NAME  or  DtllLEI  Ocaan  Survay,  Inc. 


11.  DATUM  TON  ELEVATION  SHOUM  (TIM  Or  MSL) 


12.  NANUrACTUNEI'S  DESIGNATION  Of  DNILL 
NA 

11.  TOTAL  NO.  or  OVEN*  :  DISTUNIED 

HUES  SAMPLES  TAttN  ; 

U.  TOTAL  NUWEI  CONE  lOXES  NA 


8.  DIUCTION  or  NOLE 

WITICAL  INCLINED _ DEG.  EDOM  VENT. 


7.  TNICXNESS  or  OVENSUNDEN  NA 


8.  DEPTN  DNILLEO  INTO  NOCt  NA 


9.  TOTAL  DEPTN  Of  NOLE  U.S  ft. 


ELEVATION  DEPTN  LEGEND  CLASSiriCATION  Of  NATalALS 

(Daacription) 

a  b  e  d 


|1S.  ELEVATION  GAOLMO  UATEN 
1 16.  DATE  NOLE 


1 17.  ELEVATION  TOP  Of  NOLE 


STANTED 

07/18/91 


COMPLETED 

07/18/91 


-61.2  ft.  NEW 

IS.  TOTAL  CaE  lECOVENT  rON  DONING  12  ft. 
19.  SIGNATUIE  or  INSPECTON 


RDURKS 

(Orillfno  t<Bt,  MUr  iMt,  depth  of 
MAtiMrind,  •te.p  if  ti^ificent 

0 


I 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A82 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


SIAMDaHU  StlV£  OHNING  in  INCHIS  U.  s,  SIANOANO  SitVC  NUMblHS 

M  ^  A  aX  a  -1.  _L_1  «  .  ^  ...  .  . 


GRADATION  CURVES 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


gradation  curves 


.  SIANOAMU  SlUr  OKNMG  IN  INCNIS 


gradation  curves 


A87 


GRADATION  CURVES 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


STAMOANO  Sieve  OHNING  IN  INCHeS  U.i  STANOMtO  SievC  NUMBeNS 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A89 


.  S.  STANDAHO  SI£V£  OftNING  IN  INCHIS 


A90 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


gradation  curves 


U.  S  STANOANO  SIEVE  NUMBERS 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A93 


GRADATION  CURVES 


.  S.  SIANOMO  SItVf  OKNINC  IN  INCHtS 


U.  S.  SIANOANO  Sim  OKNING  IN  INCHIS  U.  S  SfANOAMU  SIEVE  NUMBEMS  HTUNOMEIEtt 

S _ *  3 _ 2  1+ _ i _ +  i  3  4  t  t  10  U  IS  70  30  40  SO  70  too  140  200 
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A95 


GRADATION  CURVES 


I.  nojccT 

llwf  Coaprvhtntlw  $tu^ 


2.  LOCATION  (CpordinitM  pr.  Station) 
ir  06*  6.7*  75®  12*  2.56* 


3.  ORIILIM  AGEHa 

ludiart-Nom.  Inc. 


4.  HOLE  HO.  (At  thown  on  drawing  titlt 
and  lilt  nudiar) 


5.  NAME  Of  DRILLER  Ocaan  Suryay,  Inc. 


IHSTALUTION 


10.  SIZE  AHD  TT7C  Of  IIT  Vibracpra 

11.  DATUM  rOR  ELEVATION  SHOM  (TIN  or  ML) 


|12.  NANUFACTIRER'S  DESIGNATION  Of  DRILL 


SHEET  1 

Of  1 

SHEETS 

13.  TOTAL  HO.  Of  OVER* 

'  aUROEH  SAMPLES  TAKEN 


14.  TOTAL  lUttER  COKE  lOXES 


15.  ELEVATION  GROUND  WATER 


OISTURtED 


HA 


6.  OIUCTIM  OF  mil 

VEHICAI  maiNED 

_  DEG.  FROM  VERT. 

7.  TNiaCKn  OF  OVnMDEK 

NA 

8.  KFTN  MILltO  INTO  NOOC 

NA 

16.  DATE  HOLE 

t  STARTED 

:  07/18/91 

COMPLETED 

07/18/91 


9.  TOTAL  DEPTH  Of  HOLE 


17.  ELEVATION  TOP  Of  HOLE 

-65.7  ft.  NGVD 


16.  TOTAL  COKE  RECOVERT  FOR  DORIHG  U  ft. 


19.  SIGNATURE  Of  INSPECTOR 


REMARKS 

(Drilling  tiae,  watar  loai,  depth  of 
waathtring,  ate.,  if  aignlficant 

8 


Saapla  0  •  S  ft. 


Sanplt  6.3  -  5.7  ft. 

Sai^>la  5.7  •  10  ft. 


Sai^lt  10  -  16  ft. 


iettea  of  rocowtry 


Dclawora  River  Coi^ahtnaive  Studr 
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.  &  STANIMNO  SltVE  OKMNG  IN  INCHES 
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A97 


GRADATION  CURVES 


SIANIUNO  Sim  OPtNMG  IN  INCHfS 


A98 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


GRAIN  SI^C  IN  MILIIWETERS 


GRADATION  CURVES 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A101 


A102 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


STAMDANO  SI£VI  OPCNINC  IN  INCHCS 


U.  S.  SrAftOAHO  sieve  NUMSeHS 


A106 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


U.  S.  SIANUAHO  Sieve  OKNMG  IN  MCNeS 


C3 

CM 


O 

z 

lU 


A108 
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GRADATION  CURVES  lo.i. 


o  < 
u.  ] 


O 

z 

UJ 
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A109 


GRADATION  CURVES 


U.  S.  STANOANO  SIEVt  OdNINC  IN  UKHCS  U.  S.  SIANOANO  SltV£  NUMHCRS 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A111 


GRADATION  CURVES 


U.  S.  SIANUAHO  SllVt  (MINING  IN 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A112 


.  StAMUAMO  SItVe  OKNMG  IN  INaitS 


A113 


A114 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


C3 

r>4 


J  • 

z  y 
a  < 

u.  3 


o 

z 

lU 


A116 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES _  o.u 


U.  S  SIAMOANU  SltV£  OHNING  IN  INCHES  0.  $.  SIaNOANU  SiLVC  NUMULNS 


GRADATION  CURVES 


U.  S  SIANOANO  SifVt  0«NINC  IN  IHCHIS 


A118 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


gradation  curves 


U.  &.  STaNOANO  SItVt  OftNMG  IN  MCHCS 


A119 


GRADATION  CURVES 


A120 


AppBOdix  A  Delaware  Main  Channel  Sediment  Data 


A121 


GRADATION  CURVES 


DIVlilON 


IWTALUTION 


D*l««r*  tlv«r  Con)r*«i*l*« 


2.  lOMTIOl  <eoonHn*tt«  « 

3y  iT>  7.9*  7i  06'  >A.3e» 


3.  DlllLIIU  AMIKT. 

luchift-llofn,  Inc. 


k.  HOLE  W.  (*»  itiom  «n  drwing  tltlt 
•nd  fU*  nij*«r) 


S.  SAME  Of  DtllXEt  Ocaan  Survay.  Inc. 

_ — 

6.  bllECTIOS  Of  SOU 

VEtTICAL  tSalSEO_ 

OES.  ftOM  VEH. 

7.  TSICXSESS  Of  OVEtKMEX 

KA 

8.  OEPTS  OtIlLED  ISTO  tOCX 

NA 

9.  TOTAL  OEPTS  Of  SOU 

20  ft. 

■  10.  IIZE  MB  im  Of  III  Vlbf»c<w« 

II.  OATIM  m  ELEVATION  SHOUN  (TIM  W  ML) 


12.  HMWfACTUEEE’i  OEEICIUTKW  Of  OEIll. 


Il3.  TOTAL  NO.  Of  WEE-  :  OIITUEIEO 
I  MOEM  SAMPLES  TAXES  :  _ 


U.  TOTAL  Sl»«S  COSE  lOXES  SA _ 


IS.  ELEVATIOS  CSOUSO  UATEI  »* _ 


1A  &ATE  A  1  STAXTEO 

16.  BAIL  IMX  ^  07/14/91 


UNOISTUSSEO 


COMPLETED 

07/16/91 


17.  EUVATIOS  TOP  Of  SOLE  ^ 


18.  TOTAL  COSE  SECOfEST  fOS  SOSISC  16  ft. 


19.  SICSAIUtE  Of  ISSPECTOS 


ELEVATIOS  I  OEPTS  I  LECESO 


CUSSiriUTIOS  Of  NATESIALS 
(OMCriptisn) 


Om  s«id  with  black  ttaim 

S<? 

6P 


S«S>(6  0  -  S.O  ft. 


Cray  sand 


tad  broiai  aard,  IntarbadcM 
Bitfi  Ofay 


tad  brow  aand 

<=P 


SMsMa  1.3  -  10  ft. 


Srayallt 

tod  slit  fAl., 


tod  brow  aittv  aand 


SMiplo  12  -  14. 6  ft. 


pla  14.6  -  16  ft. 


lottos  of  roeovory 


jptOJECT  conprahinsiva  Study 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


.  SlAMOAHO  SIEVE  OKNMG  IN  INCHES 


GRADATION  CURVES  |p.„  7/soA/ 


A124  Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


U.  S.  STANOMO  SIttt  Off  Nmc  W  INCHIS 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A125 


gradation  curves 


U.  S.  SIAMQANO  SltVC  NUMULHS 


A128 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


GRADATION  CURVES 


U.  S.  SIAMOAHO  SIEVE  NUMbERS 


U.  S.  StAMOMtU  Sieve  NUMOeMS  HVDHOMeitR 

0  14  16  20  30  40  M  70  100  140  200 


GRADATION  CURVES 


U.  S.  SIANOAHD  SIIVE  OKNING  M  IHCMIS 


A132 
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GRADATION  CURVES 


A133 


miuimg  log 


DIVltlOM 


IMTALUTIOH 


MOJCCT 

OtlMur*  Itvvf  toipfhfuivt  Stu^ 


2.  LOCATION  (CoordInatM  or  Station) 
16.7t«  75°  0A»  «.«■ 


3.  OtILLING  AGCHCT 

iuchart*Hom,  Inc. 


4.  Note  NO.  <At  show  on  drawing  title 
and  file  rudtar) 


5.  NAME  Of  DRILLU  Ocaan  Survey,  Inc. 


6.  DIRECTION  Of  HOLE 

yElUCAL  IHaiNEO 

_  DEG.  PROM  VERT. 

7.  TNICXIlEtS  or  avEUMOBI  IIA 

10.  Size  AID  TYK  Of  IIT  Vibraeore 


11.  MUM  nt  ELEVATION  SNOUM  {TM  or  MSI) 


12.  IIANUrACTUtEI*t  DESIGNATION  Of  DtILL 
Vibraeore 


13.  TOTAL  NO.  Of  OVEI-  I 
UNOEN  SAMPLES  TAKEN 

U.  TOTAL  NLMSER  CONE  KXES 


15.  ELEVATION  GtOIMO  UATEI 

16.  DATE  MOLE 


17.  ELEVATION  TOP  OP  HOLE 


STAITED 

07/15/91 


COMPLETED 

07/15/91 


8.  DEPTH  DtILLED  INTO  tOCK  NA 


9.  TOTAL  DEPTN  Of  HOU  18  ft. 


ELEVATION  DEPTH  LEGEHO  CUSStPICATION  Of  MTERIALS 

(Oeaeription) 


•68.6  ft.  HGVO 


18.  TOTAL  COK  lECWEIT  fOt  lORIMG  16.5  ft. 


19.  SIGNATURE  Of  IHSPECTOR 


REMARKS 

(Drilling  tine,  water  lota,  depth  of 
weathering,  ate.,  if  aignificant 

0 


Saaple  1.0  to  5.0  ft. 


Saapla  5  •  ID  f.t 


Sawple  10  •  16.5  ft. 


•ottOB  of  recovery 


Delaware  River  Caea>rehenaive  Stud/ 
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A135 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A137 


GRADATION  CURVES 


U.  S.  StAMOMiU  SIEVE  NUMUEHS  HYOHOMniH 

Q  Ult  20  30  40  SO  70  100  140  200 

cTTiTriiTmrn — rrr'i — i - rmr 


GRADATION  CURVES 


U.&  STANOMO  Sint  OKNMC  M  MCHCS  U.  &  STANOMtO  SICVt  NUMBtRS  HYDROMntll 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A141 


GRADATION  CURVES 


u  s.  stAMOAMu  Sieve  NUMueks 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A142 


GRADATION  CURVES 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


A143 


BORING/TEST  PIT  LOG 

PROJICT 

DEAAw4t?e  P>.  -  PeeDY  Po/a/T  P? a/cPca^^PE 

Ensmzsm 

WtmSxEm 

PAM  . 

4/ 

Pee.j>y  Pp/Y^e. 

PoiToejtr 

DATi,  . 

///^/A3 

So. 


S4r? 


4 

.i 

-h 

s: 


if 

il 

J« 


iZI]*0»IN« 

[3TEITPIT 

NO. 

4&3 

LOCATHM  j 

jy^.  73o  'u/  £ 

DATC  MADE 

///P/^B 

■V 

J.  /Cos-rv^Aro 

PLANT  USED 

DteeicP 

BoaIT  ^7 

MATIRULS  DKSCnmOM 


N 


tSaf^ 

_ Borrow  Soa/t/^z/i/c^  ^s'o  'p 

y  Sofi-  \s/// 

bro^'7 ,Coor.S<s^  SoyjS ^ 
o7^S-  ^/oe  3  ra\/a/ 

C-Sa.y  fa-S4.7j _ 

Barren  oi^  P/T,  -s^.y 


Ml'  ’ 


1*^3 1’  ' 


I/' 


‘Te/IS  N04  (3-19) 


-TO  Sa^ 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


_  BORING/TEST  PIT  LOG 


PROJICf 

e.  -  -4  AT 


isjj$*je 


□tomiw  C2TirrpiT 

LOCltiOM  ,  T 

Z^U^So  V  e 

DAT!  MAM  ITy 

f  y/22/C3  \^/:4^rta>^a 

?  AaNT  USIO  w  ~ 

I  2P££Jt/^:Jt  Si3j9r  -^7 

I  uATitULS  DttenmoN 


SotTMn  3oU/o^,r»a 

Caorse  f'/vfr  i>#y 

Dart  ,/naJ.  /,rfr»  i,)i-  wi4/> 

re^y  />»!?  S»joJ. 
y  C^.4-ia-S2.£) 

,\  BorraAT)  </•  PjT,  -s-tja- 
\  Dar>t  w/^/> 

\  ays  ay^n»-3rrc 

\yr7V^rfar',  {d^n/a^  -  s- 2 ,S' ) 


NAOf  FORM  I  |Ai|  .  ,.% 

1  StP  60  "W  (3-19) 
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BORING/TEST  PIT  LOG 

PKOJICT 

^£i  Aw^ee  /f^£A/oje/9a-£ 


4^  *^*/ //ry^i^ 


4  r 
ii  1 

h  f!  1 

i  U  1  i 

J!  =?*  J*  i 
el  ST  ■*■ 
Si  eft 
tX  a  u  u 


1  iBoatlio 


SItHTWT 


LOCATIOM  ^  7 

-*7*  ^  7os  y^  4 

^  DATE  MADC  ]Ty  “ 

1  f//7/i3  •£^£Aa7%/jgA:A 

1  PLANT  USED  ~ 

T  4>errffJr  3om-7-  ^37 


UATEEIALS  DESCBIPTieN 


3oTT**^  3o^AJPfAJ£  ~^o.C 
JPsrir  Uy^re//  3//Y 

^rf-rPE*  Car/~a^ 

/a  4S.^) 

ScTTaf^  of  fi/7 

IParx  ^rey  J^yercJ  3i/f  a^oJ 
\/3e/eto  -  'fS.  4) 


-i3,HiO£  -a-iToio^J 


1104  (3-19) 


-r-jf  3S  ‘7 


A146 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


v> 


BORING/TEST  PIT  LOG 


MOJICT 


J^elduiore  'River  j  'Phih  •f'o  S*.a 


-k5  J 


-50 


-55  4 


— 1 


-h 


'itw  (3-») 


|i! 

k 

j* 


T 


niLOMOK 


73 


BY 


PAOI 


/ 


DATE 


4-5-^S 


□□BOEINa  (S)  test  PIT 


LOCATIM 

e^a;  22^*680 


U55A/ 


DATE  lUDE 

8-22-65 


PLANT  USED 


BY 


Co^E 


MATEEULS  DESCEIPTION 


lA/ 


and 

OL 


OL 


^,y\eVo'tY\eci  Caw’s:)  s+raf»  ^ccI  <3  r>.j 

^rg.  cIa\j  e\/  SiLTjSoine  or^.ffiaitTri^cf-l- 

L-AIS^^~  As.%) 

T*rc  c)oYYs»Y)aKs4liu  ^k-gry  <ilo\^  esj  £»1LT 
■7  i/.-lhin  lauers  of  gry  v-f.'*»e  SAWt» 

OjcMt'n^  firmer  '*'/eitp^h- 


SoHomoP  Tp  -  ' 


^  '2./ 2.(3  /•/■ 


D5P-/ 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


BORING/TEST  PIT  LOG 


PBOJICT 


'Velavjore  'Ri'vcc  -'Phih 


S-tud  I'ffS 


niLo  loox 


'  '’■S'  !  I 


□sotwc  ElresTPiT 


A-5-6S 


DATE  MADE 

S  ■^■22 -CS 

1  PLANT  USED 

£  J>g*37 _ 

J  MATERULS  DESCRIPTION 


fimelomccl  SAWb  iipi'gci  '^l\/.so^i 
dk- orgavii* 

-  Ml.e) 


so-j  ,A 


Vj 

S'  '5' 

%  % 


'^niericw.jercd  v.fir^g  ,f  dk-^r^ 

or^.  Cin^j,  6/.'3k+ly  p,ryH  ^  plash'c 
S<nr?<f^  hijgri  v.  fhin  . 

CigHiny  pirmer  '^/c/cpf'h- 

OL  (-in-C’  CO.2') 


^oHvm  fff  TP-  ' 


<^0?  JiJO  /■/' 

r 


HAOP  FORM  I  inii  ,, 

1  SEP  60  f  (3-19) 


D5P2 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


BORING/TEST  PIT  LOG 


PHOJICT 


Da/aujafe  'P/n/a  "h 


^fuiper  'siudfe-s. 


I  niLD  SOOK  . 


s. 

<is 

> '  r«» 


□bo«im6  O  tbit  pit 


OCATION  ,  ;  ~ 

Sfa.  22Sf8^0  ^/io 


DATS  MADE 

'h'2^‘6S 


MATBRULS  OESCRIPTIOM 


W/jf<;r  '39-6 


°''e-  dk-gry  ,r,cofa> 

and  '  fine  t>and  ^  So  me  or^.  YY^oHer  V>s.o(^V. 


{ss.^‘-  M.e') 

t>k-^ry  <.,lKj  orq.CLA^y,  pa.rly  firm 
.nhrbedded  V  y,  fhin  Ujen  of  ^nj  y,^-^c  sane! 

ilih.3'-  CO.I) 


'do  Hum  of  Jp-  ^ip./' 


~  'r' 

9  <8 


MAOP  FORM  I  injl  /-  ,-» 
1  SEP  60  ' 


D5P-  ^ 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


PHOJiCT 


_  BORING/TEST  PIT  LOG 

T>elauuorc  7?/V(fr  *  ^hi/c 


Ng-W  CasfU  U 


I  FIELD  ■OOK 


□bohinc  13 test  m 

LOCATIOH  - - ^ 

stg.  228^360  52oei 


LOCATIOH  “ 

228^360  52. 

DATE  MADE  ITT 

3-2^- fS  CofB 

PLAMTUStO  “ 

_ I>B 

MATEKULS  DESCEIPTION 


^  WMcr'31.6'‘ 

6rn  msd  ^coar^i  [^cn^er)  ^ndcrfa,,, 

or^  sHKj  laijers  of  .p'o  c 

grij  vand. 


'oanic  “/  occ  i>an2  /fl<./tfr5 

art^ined  ,  hard  i dense  (  50.V) 
^oHorn  TP-  5T?.'i' 


NAOf  FORM  I  inu  1, 
1  SEP  60 


DSP- 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


BORING/TEST  PIT  LOG 


MOJECT 


'Ri^er  'Phi /a  Sea 


^ivdiet 


I  FIELD  EOOir 


!i  \i 


I 

I  .•  **  -I 

t  •  9  S 


?  i  ;•  ji  i 
1 1  XJ  jJ  I 


□  bOEIMO  IHItEITPIT 
LOCATION  , 

Sta.  Zle^■  3(^0  S/0 

_  DATE  MADE  BY 

1  3-2Z-SS  co^e 

1  ^LANT  USED  ^ 

js  PB^37 


MATERIALS  DESCRIFTION 


Water  Ifij  '* F 


'^o^er  -37.2 


^0-1^ 


^  ^  (?i  RAVEL  ,  SuV»  T■00¥^  <iMd 

.  I  (Hi</2e.  **/  £>cr.  <^o6te/cs.  Some 

\  org.  dk  -0rvj  ^.  If 

^%ottorr)ofTP~li0.z' 


i-  ^  >  ■  /■/ 

5^^  •  D  ^ 


NAOP  FORM  I  im  I-  •-\ 
1  SEP  60  '  (3-W) 
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BORING/TEST  PIT  LOG 


52 


\a/ ! L  M  f ht Th/^  H/IRBokL  Scui-li 

FIELD  BOOK 

G 

^elau/are  Rii/e]/  CPhila.  ^oS^a 

*^DLT/SAK 

a:. 

uJ 

c: 

< 

< 

..  I 

O 

uJ 

h 


V 

L*-, 

n 


Q.O 


■4-^.G 
-4G.4--t 


-4-H.l 

-5(3.7 


iv 

I  to 
81 
ss 


•s— 


1  Iborinc 

Stest  pit 

N0.4'V 

OFP 

LOCATION 

Sta,  2.1^-tObo 

66  \/J  of(^ 

DATE  HADE 

COE 

PLANT  USED 

T /7/J/v 

MATERIALS  DESCRIRTION 


ML  (^ru  Wri  CiOHeH  SlLT.  Pl^f>Culi 

_  (z^L.‘/-6c-^'P.¥)  ^ 


W'd+^Z 


Bry.,  <^£A^Bl-'^/ci<rcC^hbM.  i¥5.u(»¥G,'^) 


0y-?,.  C-F  Sa-rdid  ^>ni-rJaTely  Ccoirse. 

^y/>. _ .o  /)  I  ,  \  . 

^z) _ 


y^/^orr  e-Cebblej  ^  9^-6}~Sa 


Bo/^ovo4  (<’s+  P;f  — ^0i*7 


HAW  FORM  IIOU 
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dot  CViLA  /v;A,P.  I 
\j  AT'.) 


1 104  fi-i9) 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


BORING/TEST  PIT  LOG 


PROJECT  lyyj, Hhr  .  _ 


X>efci  ujctnr v'C’r  ^  ) 


FIELD  BOOK 


SAIVDLT 


□  boring  [2testpit  ^“pp* 


LOCATION  /  . 

<id:  2l2faoo  ^oo'et' 


DATE  MADE  BY 

1  troE 

1  PLANT  USED  -r  ,  ^  ^ 

_g  Tl  TA  N 

2  ■  ' 

MATERIALS  DESCRIPTION 


tz~  13  -etc 


-43.1^ 


64h/t>  c  ■‘e'/emi  cchh/^ c-'fc'i' 

Pe^f,  f,' rv  (^iC- ‘o  to  -43i  7/ 


5^VD.^'p,  Aied  q^'A)  '^/ fOmg  Co'olold^ 

_  C~^£n'±cr^QO,\) 

c^bbleo  rho^^^ac^  ASl?- 1  •W^S’I-? 


5Awt>,?(7^y,  b/'n  eve  ^rat^'c/ 

ay)i  to  VVi\es 

c-s-i.r 


(3c>'Hx7'^  Tiu-'f”  r  <  1  -  — 


HAOPFORM  iioy 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


ROJECT  . 

Wi  lY\Miii‘fho¥\  Hhr  - 


"R  x\/er  (^hila  h> 


FIELD  DOOR  I  PACE 


SAK>/DLTr*/'-/5--f<i 


□  bOEIKC  .S-TEST  FtT 

_ _ OPJ? 


OCATIOH  ^  y-  ,  1 

S fa. -.  2 /O  f  560  4^6B6f  £ 


Tt^On 


MATERIALS  DESCRIPTION 


jC-f,  dh-’f/’A'./ 

(rhs,‘l  -to  -5'd.o) 


c-fi  y^T/d/y  ini' sray 

(-6'0.0  to  -  S-F.73 


l3c?Ht>kvi  J^i~  Pit  -55-7 
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BORING/TEST  PIT  LOG 


project  '  - — 

- — 1  /rr^  1  -r>-  ty-ho^  4a>v  Sou-f-K 

FIELD  BOOK 

PACE 

1  OF  1 

Dal£o^£<A-e  P.\K/Q,A^-  Ph>la.cl<?tphix  -h,  S.?a 

1 - : - 1 - - - - - - - - - 

DU-T/SAk 

date 

12-  \G  -g(S 

!dJ 


U 

o 

O 


0. 


-  44.4 


-  ?l 


1“ 


:£|  J? 


tX  I  a  1  (5 


Si  s 


-  F7.F 


ZZDborimc  (S  test  pit 


LOCXTIOM 

STA  ZO^-hOOo/pon'fl 


HO.  3 1 

PFP 


date  made 

t2.'q-aG 


BY 


COE 


PLANT  USED 


TiTA 


MATERIALS  DESCRIPTION 


od 


bAoi/v  C  S  IL_T  Vv/ 5a./>^d 

4  So^4  black.  o^^c»y^ci, 
r_44,4  To-F/.l  } 


sp 

It 

GP 


SP 


C-4  SMVD  i  GRfi'^SL  ‘^Z  t/^.  b/a.ok  Si(+ 

f-5l.|.  to-F7.  F  J 

Wo1e'.  e)e■corT^es  Sandier  w/de»TK 


SAKD  1  Tr  SI  It,  Scatlered  piece.S  8~f  ^  i~. 


Bo  5  •!-  T,eS+  Plf-97.9 


M*0P  FORM 
1  SEP  so 


H04  a-19) 
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BORING/TEST  PIT  LOG 


'■ROJECT 


_ ^  hfo-A.  b  (?A_  So  ui-h 


D&la.v«/'aA^  Ri\/.gA.-  Pki  Iac/a /o b  la  +o 


FIELD  BOOK 


DUT/S^K  I  12- IG-  8<S 


I**®?*./®?!?  1104  '3-19) 
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BORING/TEST  PIT  LOG 


CZ]io«iM6  Stmt  PIT 


PIELO  ROOK 

73 

PAGE  . 

V.l 

DATE  /  _ 

-rTTT— t 

LOCATION 

Sia:  laWBo 

SVo'WoPi. 

DATE  MADE 

301, -^5 

CoPP 

PLANT  USED  ^ 

P5 

^3'f 

MATERIALS  OESCRIPTIM 


'^fl+er  -  37. 5  ^ 


OLj  or^  silF  .\/cry  ‘^o^e 

hlack  lauefi>  op  iiili  i  ^la^jei,  s\  H-  Tr  of  sand 

L37.^-  ii7.5) 


Vk'^r^  cLQyj 

'/■  f'ot  iand 

[^'2.5'-  C0.9') 


io<jer>  ^Pgr^ 


Soih  m  ofTP'-GO-d' 


1104  (3-19) 


)/ 


PSP  7 
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BORING/TEST  PIT  LOG 


PROJECT 


W,  I 


I'TT^  (/r^l 


boy*v  Saui'^ 


PIELD  BOOK 


PACE 


t  OF  1 


Dj>lc^wa^&  Riv/g/^-  PIvi 1 1  jg  I dKix  i",?  ipj 


BY 


DI.'T/SAK. 


DATE 


I- 

Ui  i 


0.0 


-44.5 


-  564 


03 


Si 

m 

t 


s; 

Is 

isj 


CZjBORIHG  !3tbst  pit 


HO.  24| 

DFP 


LOCATION 

STA  iq0+Q0  0/200£ 


DATE  MADE 

IZ-  G-SG 


BY 


COB 


PLANT  USED 


ITAN 


MATERIALS  DESCRIPTION 


ML 


Die  S'  ^  ^ fl/KC.  S'^'^c/ 

I  Cl  y/>  X..  s  lj  p  'Fe  Z.  F  A 

(14(S.  F  To-FG-G  j 


Tes  f  Pff--.5-G.G 


HAW  FORM  ,,0U  „_,o, 
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PnojecT 


_ B^ING/TEST  PIT  LOG 

J^<s/aa>arc  -  P/)iJa  ^  See/ 


S-fudi’e"^ 


^  5  LOCATIOH  - - - 

1  -p  S/O ; /72/e33o  ^7^ 

•  J  .  •*  -  date  MiLDC  TSy  - - - 

!  I  \\  n  1  3/2f77s  a^S 

^  I  i£jil  l“LWuieo  'n^4 

1  *  •  1-  a  I^B  37 

=  t  J  S'!  t - - - 

&  Ji  a  (3 '  J  MATe*IAI.S  DESCnFTION 


i\  j  □borimc  Otest  pit 


^atcr 


Wa+er-^f.a' 


t)f0.6Mv,ey  SILT  v.  so^f. 

CjeHin^  P^'rrr^r  r  AO-O  ' 


A.  _ 

A) 

'N. 

$ 

VI 


5:  5 

^  lo  -5 
5?-  ^  u 


0l  Same  bui  f,//)^er  '^/ fhih  huer^  oP 
Sonet 


-  ^cp  8 


■>  ?  7-  ■  /•• 


HAOf  FORM  I  inji  ,  . 

1  SEP  60  (3-1’) 


pspf 
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WMtMG/TESt  PIT  LOG 


j»t.i Jaujikf  Sea 


',.Zi44*^  ^  Set/ei/ue 


iiino7 


i*fe5 


rpzo 


ffeerrden 


R  ^  I  if 

I  IM  II  !S 

'tlniliiH 


CIIIiOt»t«  E]  TIIT  MT 


«s J1 


r  i  .ni  1 


Si-a.  159  +  700  Z40‘*7.i 

uu  kAM - r'»v' ^  , — 

/  /n  fit  Hired  Labor 


Dernckbaaf  37 

MATERULS  MUCOmON 


River  bo  Horn,  -  33.2' 

Dark  gray  Su  r.  {35.2-  38.8) 


r\ 

y  j 


0 

4*.S  -  N 

0 


Reddish-gray ,  gravelly  clayey 

SAUD  ;  'sone  cobbles  (38  8- 4a.ai 

Red  sandy  CL  a  Y;  some  grave!  > 
4  Cobbles.  Cd'OS  •  4t.  7) _ 

Skrffp^-49r»y^*¥ — 

_ _ y48:J.-41-T:L..^, _ 

RadTi  gray  CLAY  rvifh cobbles 
(4M.7.  4.4-2) 

\be'H‘em  of  hole ,  -  44.2 ' 


^5340  i/- 


MADE  FORM  I  insi  ,  , 

1  SEP  60  ' 


rP43J 


A164 
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A165 


BORING/TEST  PIT  LOG 


1  pnojecr 


•?.  p^.  :-  j  rr:.  SdO 


Sfr7.  450' 3c//c/uc  Rscrdcn  i //t>/6Z 

I  4  t  □sOWMO  E  TUT  PIT  *^27 

H  1  LOCATION 

?  fi  <!  Sia.  I4e-f  950  450' w.  4. 

I  8  H  *S  bird MADi  TTy  ^ 

8  I  tl  f  i/i9>/c>Z  Uirecf labor 

|3  I  jj  vi  1 1  1  plant  used 
f  *  •  'S~  J  *  •?  Derrickboai  37 

=  •]•■»  •'S'*' - 

£  H  I  J  Z  UATBNIALl  DBtenNTlaM 


MATEMALS  DBSCEIPTION 


Wafer 


J94-  ^ 

.. 


Piver  bo4iam,  -39.4' 

•  •  •  '  ' 

'PS.  Reddish  sand^  GRAVtL', 

^  J  Some  iinduraled p/ecee ; 
y-m  rare/  rounded’,  Some 
Cobb/es  and  occosionaJ 
SmaU  bou/den  C39.*-44.7) 

o.t 

%*.  3o44om  o^ ho/e^  -4^4.7' 


iiZ2i-o  S 
i76foO  //. 


HAOP  FORM  I  inji  . 

1  SEP  60  '  (3-19) 


TP437 


A166 
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BORiNG/TEST  PIT  LOG 


PROJICT  - 


niLO  MOK 


tcco 


OATB  ! 


□•otwo  CZItbstpit  ^®2g 

LOCATION 

sh.  1^6*000  4S0'W.(t: 

DATB  MAOB  BY  ,  TT~I 

1  7/22/62  hlired  Labor 

1  PLANT  USBD 

2  Dcrn  ckboa^  37 _ 

J  MATBtULS  DBSCRIPTION 


Waier 

River  bokfom 39.3' 

Gray SAfJDi gravel.  (39.3-  4a6) 

Sandy  Gravel  with  cabbies 
and  small  boulders  ;  some 
rectdish  sill  onddoy.  Small 
chy seam  @  4-2. 

rso.a  -  4 s  o) 

Bolfom  of  hole  .  -  43.0' 


Hf:  :  -  c 
aJ 


1104  (3-19) 


TP43d 
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A169 


A170 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


Appendix  A  Delaware  Main  Channel  Sediment  Data 


BORING/TEST  PIT  LOG 

PROJECT  -n  / 

Jy^/au/ore  MV<rr'  /vS<Ta 

FIELD  BOOK 

7^5 

PAGE  Q 

-  - 

/?.L 

iiO 


45' 4 


oOA 


55 


^o4 


I  a 


y> 

I 


-h 

ii 

s* 

■ 

> 


o  • 

«  t 
S“ 

h 


CZDboiiinc  (Stbit  pit 


NO. 

tap-/ 7 


LOCATION 

88c?  28  p 


DATE  MADE 

^h2-6S’ 


PLANT  USED 


BY 


MATERIALS  DESCRIPTION 


Wafer  l-iot 


OL 

5A1 


01 


SP 


\\/aier-  4/.^ 


‘siii-j  ‘^ae  5-4 i/5,  OocJ  laijcr'^  of 

orS-  cloiie'^  ^ii,r 

(iitf-ASo') 


orq .  ClA^  ^  paic/y  siiff  ,  fnterhfd- 
'^/ 1^  refine  SflPt>  -/(fj  fhir> 

Tnd-  la-^m  r  ^  c:^  c\ .,  '/z  "  t'/j/V/i  .  5l.h 

5>onci ,  fr7<:  ^  ce  oerrr^  e  -f-r  pf  q  rater/ 
[5ldl-5^.0) 


Bra  tetnd^  S/tf  ’^/iOfno  ptgf  f  rp(trn  tvooei  ^  Sofh 


)  r  u  :.. 


HAOf  FORM  I  inU 


n^P/7 


’2 
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BORING/TEST  PIT  LOG 

TPs/ou/are  'POi/er  'Phi' /a  P 

FIELD  BOOS 

PAGE  , 

/o 

^^i>\6^er  ^fud iss . 

^'"V.L 

□bobimc  E  test  pit 

LOCATION  ^  ^  , 

S+d  A  1^090  230  ^£>f  4. 


Wilier  ^6°p 


DATE  MADE 
i  4-3-£S‘ 


^'^CoPf 


•  PLANT  USED 

“  T)e('r'i'ckhe><74 


MATERIALS  DESCRIPTION 


'•Joifr  ^■43-5 


\/ei^4VMv,  ve-r^e'r  o^tor^  •^AN'u- 

ov\aef\ft'tt  Vo.^  ^f^terV:>eclaeel  gr-  t 

CrQ  .&ILT  4  7.  ?>Vie  SftN7\>. 

(./iiaers  ■/fii<r^v'ess_) 

(^iS.J-51.6) 


SvIV^  ^  ;orrj  p’a  r/e9 

'*  I  S  ovy\  f  cl/.-Ofv4  ooO .  S.  \  L  I  f 'Prffd  0  ^v^  i  rio  vi  M  ij 

sn  ^''^3  s.Av.^r  '  ^ 

(5\.6-  60.} )  V  - 


Bo  Hwi^  op  TP  -  60-1 


S  I  T  j  3  j  f4 
\  0'3  -1  0  0  E 


MAW  FORM  I  |(J^ 


nsP'ln 
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Appendix  B 

Delaware  Main  Channel 
Acoustic  Core  Density  Plots 


This  appendix  presents  density  versus  depth  plots  for  selected  acoustic  data 
files.  These  plots  are  referenced  on  the  sediment  profile  plots  (Plates  2-15) 
with  the  prefix  AC  followed  by  the  line  number  and  individual  file  number. 
These  “Acoustic  Core”  density  plots  are  presented  in  ascending  order  along 
each  survey  profile. 

A  typical  density  plot  in  this  appendix  consists  of  three  normally  color- 
coded  vertical  profile  columns  as  shown  on  the  left  of  each  figure.  The  plots 
are  presented  in  black  and  white  to  conserve  printing  costs,  negating  the 
benefits  of  color-coding  the  results  and  therefore  making  the  amplitude  and 
impedance  versus  depth  portions  of  the  plots  difficult  to  distinguish.  The  first 
column  is  the  acoustic  amplitude  segment  for  the  data  subfile,  consisting  of  40 
consecutive  soundings.  The  second  column  is  coded  impedance  segment 
calculations  while  the  third  column  depicts  an  average  of  the  previous 
impedance  calculations.  The  final  calculation,  density  as  a  function  of  depth, 
is  then  plotted.  It  is  important  to  note  that  the  S/N  degrades  with  depth  caus¬ 
ing  erroneous  impedance  calculations.  This  is  indicated  on  the  plot  by  a  black 
color  code  on  the  impedance  segment  that  is  probably  indistinguishable  on  the 
black  and  white  copies  provided  here.  For  the  plots  presented,  the  bottom  5- 
10  ft  of  the  density  profile  is  basically  unusable  information  due  to  the  S/N. 

Table  B1  cross-references  the  plots  in  this  appendix  with  the  plates  in  the 
main  text. 
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B5 


START  DEPTH 

=  033.6 

=  UATER  COL. 

(028.8) 

+  OFFSET 

(004.8) 

DATA  SOURCE 

-  D: DP50e029.DAT 

OFFSET  -000  2 

END  DEPTH  EST 

.  =  104.; 

START  DEPTH  = 

033.6 

=  UATER  COL. 

(028.8) 

♦  OFFSET 

(004.8) 

DATA  SOURCE 

-  d:dp500035 

.DAT 

OFFSET  -000  4 

END  DEPTH  EST. 

=  104.: 
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B7 


-  START  DEPTH  =  033.6 

3.50  =  UATER  COL.  <028.8) 
DEN.  +  OFFSET  <004.8) 


DATA  SOURCE 
-  d: dp500040.DAT 
OFFSET  -000  5 


END  DEPTH  EST.  =  104.; 


-  START  DEPTH  =  033.6 

3.50  =  UATER  COL.  <028.8) 

DEN.  ♦  OFFSET  <004.8) 


DATA  SOURCE 
-  d: dp5OO043.DAT 
OFFSET  -000  0 


END  DEPTH  EST.  =  104.; 
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B11 


START  DEPTH  = 

040.8 

=  WATER  COL. 

C036.0) 

+  OFFSET 

(004.8) 

DATA  SOURCE 

-  D:DP5B0082 

DAT 

OFFSET  -000  4 

END  DEPTH  EST. 

=  111.- 

START  DEPTH  = 

040.8 

=  WATER  COL. 

(036.0) 

♦  OFFSET 

(004.8) 

DATA  SOURCE 

-  D:DP500094 

.DAT 

OFFSET  -000  1 

END  DEPTH  EST. 

=  111.- 
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B13 


3.50 

DEN. 


START  DEPTH  =  040.8 
=  WATER  COL.  (036.0) 
+  OFFSET  (004.8) 


3.50 

DEN. 


DATA  SOURCE 
-  D: DP500102.DAT 
OFFSET  -000  0 


END  DEPTH  EST.  =  076. 


START  DEPTH  =  040.8 
=  WATER  COL.  (036.0) 
*  OFFSET  (004.8) 


DATA  SOURCE 
-  D:DP5OO102.DAT 
OFFSET  -000  4 


END  DEPTH  EST.  =  076. 
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START  DEPTH  =  038.4 
3.50  =  UATER  COL.  (028.8) 
DEN.  +  OFFSET  (009.6) 


DATA  SOURCE 
-  D: DP510002.DAT 
OFFSET  -000  0 


END  DEPTH  EST.  =  109. t 


START  DEPTH  =  038.4 
3.50  =  WATER  COL.  (028.8) 
DEN.  +  OFFSET  (089.6) 


DATA  SOURCE 
-  D: DP51O0O3.DAT 
OFFSET  -000  0 


END  DEPTH  EST.  =  109.1 
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START  DEPTH  =  040.8 
3.S0  =  WATER  COL.  (036.0) 
DEH.  ♦  OFFSET  (004.8) 


DATA  SOURCE 
-  D: DP510012.DAT 
OFFSET  -080  0 


END  DEPTH  EST.  =  111. 


START  DEPTH  =  040.8 
3.50  =  WATER  COL.  (036.0) 
DEN.  *  OFFSET  (004.8) 


DATA  SOURCE 
-  D: DP510016.DAT 
OFFSET  -000  5 


END  DEPTH  EST.  =  111.' 
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3.50 

DEN. 


3.50 

DEN. 


START  DEPTH  =  040.8 
=  WATER  COL.  (036.0) 
4^  OFFSET  (004.8) 


DATA  SOURCE 
-  D: DP510023.DAT 
OFFSET  -000  1 


END  DEPTH  EST.  =  111.- 


START  DEPTH  040.8 
=  WATER  COL.  (836.0) 
«  OFFSET  (004.8) 


DATA  SOURCE 
-  D: DP510024.DAT 
OFFSET  -080  2 


END  DEPTH  EST.  =  111. 
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START  DEPTH  =  040.8 
=  UATER  COL.  (036.0) 
+  OFFSET  (004.8) 


DATA  SOURCE 
-  D: DP510037.DAT 
OFFSET  -000  0 


EHD  DEPTH  EST.  =  111. 


START  DEPTH  =  040.8 
=  WATER  COL.  (036.0) 
+  OFFSET  (004.8) 


DATA  SOURCE 
-  D: DP510040.DAT 
OFFSET  -000  2 


END  DEPTH  EST.  =  111. 
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START  DEPTH  =  040.8 
3.50  =  UATER  COL.  (036.0) 
DEN.  +  OFFSET  (004.8) 


DATA  SOURCE 
-  D: DP510042.DAT 
OFFSET  -000  3 


END  DEPTH  ESI.  =  111. 


START  DEPTH  =  040.8 
3.50  =  UATER  COL.  (036.0) 
DEN.  «  OFFSET  (004.8) 


DATA  SOURCE 
-  D: DP510044.DAT 
OFFSET  -000  4 


END  DEPTH  EST.  =  111. 
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START  DEPTH 

=  040.8 

=  WATER  COL. 

(036.0) 

+  OFFSET 

(004.8) 

DATA  SOURCE 

-  D: DP5ie047.DAT 

OFFSET  -000  0 

END  DEPTH  EST 

.  =  111.' 

START  DEPTH  = 

040.8 

=  WATER  COL. 

(036.0) 

+  OFFSET 

(004.8) 

DATA  SOURCE 

-  D:DP510049 

.DAT 

OFFSET  -000  2 

END  DEPTH  EST. 

=  111.' 
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START  DEPTH  =  040.8 
=  WATER  COL.  (036.0) 
*  OFFSET  (004.8) 


DATA  SOURCE 
-  D: DP510051.DAT 
OFFSET  -000  0 


END  DEPTH  EST.  =  111. 


START  DEPTH  =  040.8 
3.50  =  WATER  COL.  (040.8) 

DEN.  ♦  OFFSET  (000.0) 


DATA  SOURCE 
-  D: DP520004.DAT 
OFFSET  -000  3 


END  DEPTH  EST.  =  111. 
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3.50 

DEN. 


START  DEPTH  =  040.8 
=  WATER  COL.  (040.8) 
+  OFFSET  (000.8) 


3.50 

DEN. 


DATA  SOURCE 
-  D: DP520005.DAT 
OFFSET  -000  5 


END  DEPTH  EST.  =  111.- 


START  DEPTH  =  040.8 
=  WATER  COL.  (040.8) 
+  OFFSET  (080.0) 


DATA  SOURCE 
-  D: DP5Z0OO7.DAT 
OFFSET  -000  0 


END  DEPTH  EST.  =  111.- 
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START  DEPTH  =  040.8 
3.50  =  UATER  COL.  (040.8) 
DEH.  +  OFFSET  (080.0) 


.1 

j: 

I 


DATA  SOURCE 
-  D: DP5ZO018.DAT 
OFFSET  -000  3 


END  DEPTH  EST.  =  111.' 


START  DEPTH  =  040.8 
3.50  =  HATER  COL.  (048.8) 
DEN.  +  OFFSET  (000. 0) 


DATA  SOURCE 
-  E:  DP520019.DAT 
OFFSET  -000  3 


END  DEPTH  EST.  =  111. 
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STAKT  DEPTH  =  040.8 
3.50  =  UATER  COL.  C040.8) 
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